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FINAL REPORT 

BUOYANT VENUS STATION FEASIBILITY STUDY 

VOLUME V - TECHNICAL ANALYSIS OF A 200-POUND BVS 

By A. R.  Ba rge r ,  R.  E .  F r a n k ,  J .  D.  P e t t u s ,  
A .  A .  Sorensen,  and J .  F .  Baxter 

M a r t i n  M a r i e t t a  C o r p o r a t i o n  

MISSION MODE TRADEOFF S T U D I E S  - TASK 4.5 

For each mission mode investigated, the contractor shall se lec t ,  subject 
to government approval, the most promising mobility method or methods 
and perform mission mode tradeoff s tud ies  in the prescribed range of the 
V enu si an atmo sphere. 

As part of the midterm Oral Briefing, the  recommendation was made and 
accepted, that during the remaining period of the study (Mission Mode 
Tradeoff) part of the effort would be concentrated on a nominal 200-lb 
station. 

SUMMARY 

T h i s  volume p r e s e n t s  t h e  r e s u l t s  of  a n  a n a l y s i s  of t h e  f e a s i -  
b i l i t y  of a s m a l l  ( nomina l ly  200 l b )  buoyant  Venus s t a t i o n  (BVS). 
I t  i s  i n t e n d e d  t h a t  t h i s  s t a t i o n  would be g e n e r a l l y  c o m p a t i b l e  
w i t h  a 1972, A t l a s ICen tau r - l aunched ,  m i s s i o n  t o  Venus. 

The r e s u l t s  of t h e  s t u d y  i n d i c a t e  t h a t  t h e  c o n c e p t  i s  b o t h  
f e a s i b l e  and a t t r a c t i v e .  A d u r a t i o n  i n  t h e  atmosphere of  as much 
as seven  days w i t h  s e v e r a l  o p p o r t u n i t i e s  t o  probe t o  t h e  s u r f a c e  
as w e l l  as t h e  a b i l i t y  t o  c o l l e c t  wind p a t t e r n  i n f o r m a t i o n  and t o  
make measurements a t  more than one ( h o r i z o n t a l )  l o c a t i o n  w i l l  
s i g n i f i c a n t l y  enhance t h e  u s e f u l n e s s  of  t h e  d a t a  c o l l e c t e d .  I n  
comparison,  a s i n g l e  probe t o  t h e  s u r f a c e  w i t h  one s h o r t  oppor-  
t u n i t y  t o  c o l l e c t  and t r a n s m i t  d a t a  a p p e a r s  s e v e r e l y  l i m i t e d .  



A l l  of t h e  p o s s i b i l i t i e s  f o r  a small s t a t i o n  c o n c e p t  have n o t  
y e t  been e x p l o r e d .  The 225-1b we igh t  l i m i t a t i o n  w a s  developed on 
t h e  bas i s  t h a t  b o t h  a bus and c a p s u l e  would b e  p u t  i n t o  o r b i t .  
E q u a l l y  a t t r a c t i v e ,  however, i s  t h e  c o n c e p t  of d e f l e c t i n g  t h e  cap -  
s u l e  (BVS) b e f o r e  p l a c i n g  t h e  bus i n t o  o r b i t  o r  a BVS i n  con junc -  
t i o n  wi th  a f l y b y  m i s s i o n .  

The major development a r e a s  t h a t  would be  a s s o c i a t e d  w i t h  t h i s  
c o n c e p t  have been i d e n t i f i e d .  To deve lop  and demons t r a t e  a h i g h  
d e g r e e  of r e l i a b i l i t y  i n  t h e  b a l l o o n  i s  t h e  most fundamental  prob-  
l e m .  By s e l e c t i n g  a w e l l - u n d e r s t o o d  ma te r i a l  (Mylar) and a n  a l t i -  
t u d e  w i t h  moderate  t e m p e r a t u r e  (225'K) t h e  problem has been a l l e v i -  
a t e d ;  however, t h e  mechanics of f a i l u r e  a re  n o t  w e l l  unde r s tood  
and l i t t l e  a p p l i c a b l e  t e s t  ( r e l i a b i l i t y )  d a t a  a re  a v a i l a b l e .  How 
t o  b e s t  u s e  a we igh t  a l lowance  t o  enhance r e l i a b i l i t y  w i l l  be a n  
e a r l y  problem t o  be  s o l v e d .  

Of n e x t  s i g n i f i c a n c e  a re  t h e  development of b a l l o o n  c o n t r o l s  
( s e n s o r s ,  r e l i e f  v a l v e s ,  e t c . ) ,  l i g h t w e i g h t  t ankage ,  s c i e n c e  i n -  
s t r u m e n t a t i o n ,  and t h e  r ema in ing  e l e c t r o n i c s .  The fundamental  
problem i n  a l l  t h e s e  areas i s  one of k e e p i n g  t h e  we igh t  low. The 
predeployment environment ,  p a r t i c u l a r l y  e n t r y  d e c e l e r a t i o n ,  must 
a l s o  be c o n s i d e r e d .  

In  t h i s  s t u d y ,  i t  h a s  n o t  been p o s s i b l e  t o  a d e q u a t e l y  c o n s i d e r  
t h e  e n t i r e  m i s s i o n  ( o r  a l t e r n a t i v e  m i s s i o n s )  and t h e  i n t e r f a c e s  
w i t h  o t h e r  p o r t i o n s  of  t h e  comple t e  system. No a t t e m p t  has  been 
made t o  d e f i n e  an o r b i t  s a t i s f a c t o r y  t o  b o t h  t h e  BVS and t h e  bus.  
I n  a d d i t i o n ,  t h e  f u n c t i o n a l  and p h y s i c a l  i n t e r f a c e s  between t h e  
BVS and t h e  bus and e n t r y  c a p s u l e  have n o t  been c o n s i d e r e d  i n  
d e p t h .  

F i n a l l y ,  t h e  u n c e r t a i n t y  i n  t h e  atmosphere of Venus p r e s e n t s  
a problem. By p r e s e n t  models,  a c h i e v i n g  s u b s o n i c  v e l o c i t y  above 
t h e  c l o u d s  i n  t h e  low d e n s i t y  a tmosphere a p p e a r s  d i f f i c u l t .  The 
level  of c l o u d  t o p s  i s  a s i g n i f i c a n t  u n c e r t a i n t y  t o  a b a l l o o n  
as i t  may a f f e c t  g a s  t e m p e r a t u r e ,  and n o t h i n g  i s  known of l o c a l  
c o n d i t i o n s  such  as  s t o r m s ,  t u r b u l e n c e ,  e tc .  F o r  t h i s  c o n c e p t  i t  
h a s  been a t t e m p t e d  t o  minimize t h e s e  problems by o p e r a t i n g  a t  t h e  
c l o u d  tops .  Mar ine r  67 d a t a  a re  a n t i c i p a t e d  t o  b e t t e r  d e f i n e  a t  
l e a s t  t h i s  one p l a n e  i n  t h e  atmosphere.  

This d e s i g n  h a s  been based ,  as f a r  as p o s s i b l e ,  on c o n s e r v a -  
t ive  i n t e r p r e t a t i o n  of t h e  above u n c e r t a i n t i e s .  Nonoptimum o r b i t s ,  
gas  weight  p e n a l t i e s  f o r  shaded ( i n  t h e  c l o u d )  s i t u a t i o n s ,  and 
minimum i m p o s i t i o n  on t h e  s p a c e c r a f t  i n t e r f a c e s  a re  examples.  The 
c o n c l u s i o n s  of f e a s i b i l i t y  of t h e  s m a l l  s t a t i o n  c o n c e p t  i n c l u d e s  
t h i s  c o n s e r v a t i s m .  



The d e s i g n  c o n c e p t  d e s c r i b e d  h e r e i n  w a s  developed f o r  t h e  pur-  
pose of d e m o n s t r a t i n g  f e a s i b i l i t y  and i s  n o t  p r e s e n t e d  as a n  a t t e m p t  
a t  o p t i m i z a t i o n .  I n  a d d i t i o n ,  t h e  s t u d y  c o n s t r a i n t s  made i t  neces -  
s a r y  t o  make a s sumpt ions  f o r  the i n i t i a l  c o n d i t b n s  ( subson ic  above 
t h e  c l o u d s ) ,  t h e  shape and n a t u r e  of  t h e  a e r o s h e l l ,  t h e  o r b i t  and 
t h e  BVS t a r g e t ,  and t h e  c a p a b i l i t i e s  of  t h e  o r b i t e r .  

I N T R O D U C T I O N  

The s t a r t i n g  p o i n t s  f o r  t h i s  c o n c e p t  were a w e i g h t  l i m i t a t i o n  
of 2 2 5  l b ;  a d e s i r e d  s c i e n t i f i c  payload developed d u r i n g  t h e  p r e -  
c e d i n g  i n s t r u m e n t a t i o n  s t u d i e s  and s u i t a b l e  f o r  a minimum s i z e  
" e a r l y "  Venus m i s s i o n ;  and a wind p a t t e r n  model a l s o  developed 
d u r i n g  t h e  p r e c e d i n g  e f f o r t .  

From t h e  wind p a t t e r n  model, a d e s i r e d  t a r g e t i n g  p o i n t  f o r  a 
s h o r t  m i s s i o n  was d e f i n e d .  In  f i g u r e  1, t h e  deployment a r e a s  
i n d i c a t e d  w i l l  c a u s e  t h e  b a l l o o n  t o  d r i f t  w i t h  a t r a j e c t o r y ,  
which w i l l  r e a c h  t h e  t e r m i n a t o r  i n  l e s s  t h a n  seven d a y s .  Deploy- 
ment a r e a s  t h a t  w i l l  c ause  the BVS t o  pass w i t h i n  10" of  t h e  p o l e  
a r e  c o n s i d e r e d  d e s i r a b l e .  A d e s i r a b l e  m i s s i o n  t h e n  would be t o  
s t a r t  w i t h i n  t h e s e  boundar i e s  and pass w i t h i n  a few d a y s  ove r  t h e  
t e r m i n a t o r  n e a r  t h e  p o l e .  

F o r  pu rposes  of d e f i n i n g  communication pa rame te r s  , e l e v a t i o n s  , 
d i s t a n c e s ,  and times between t h e  d r i f t i n g  BVS and a b u s ,  an o r b i t  
1000 km by 10 000 km w i t h  an i n c l i n a t i o n  of 70" from t h e  Venus 
o r b i t a l  p l a n e  w a s  fo rmula t ed  a s  i n d i c a t e d  i n  f i g u r e  1. F o r  t h i s  
a n a l y s i s ,  t h e  BVS w a s  assumed t o  be  deployed a t  a l a t i t u d e  w i t h  
r e s p e c t  t o  t h e  Venus o r b i t a l  p l a n e  of -55" and a l o n g i t u d e ,  w i t h  
r e s p e c t  t o  t h e  s u b s o l a r  po in t  of 15'. A BVS t r a j e c t o r y  ( d r i f t  
i n  a tmosphere)  d i r e c t l y  a c r o s s  t h e  p o l e  was assumed. 

A s c i e n t i f i c  m i s s i o n  of  measuring t e m p e r a t u r e  , p r e s s u r e ,  den- 
s i t y ,  and compos i t ion  o v e r  t h i s  p a t h  and t h r e e  p robes  t o  t h e  s u r -  
f a c e  were then  d e f i n e d .  P o s i t i o n  l o c a t i o n  and communication a re  
performed i n  c o n j u n c t i o n  w i t h  t h e  o r b i t e r .  

The o v e r a l l  m i s s i o n  c o n s i s t s  of t h e  i n i t i a l  deployment and 
s t a b i l i z a t i o n  of  t h e  b a l l o o n ,  t h e  p e r i o d i c  c o l l e c t i o n  of s c i e n t i f -  
i c  d a t a  a t  a l t i t u d e  as t h e  BVS t r a v e l s  toward t h e  t e r m i n a t o r ,  
p r o b i n g  t o  t h e  s u r f a c e  t h r e e  t i m e s  on command ( t w i c e  w i t h  sondes 
and f i n a l l y  by a l l o w i n g  t h e  e n t i r e  s t a t i o n  t o  d e s c e n d ) ,  and t h e  
p e r i o d i c  t r a n s m i s s i o n  of  d a t a  and p o s i t i o n  d e t e r m i n a t i o n  i n  con-  
j u n c t i o n  w i t h  t h e  o r b i t e r .  
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F i g u r e  2 shows t h e  deployment sequence.  A s e p a r a t e  mode of  
d a t a  c o l l e c t i o n  i n c l u d i n g  e n g i n e e r i n g  i n f o r m a t i o n  i s  p rov ided  f o r  
t h i s  c r i t i c a l  phase t o  a s s u r e  t h a t  fundamental  i n f o r m a t i o n  i s  n o t  
l o s t .  

The remainder of t h e  m i s s i o n  i s  c o n t r o l l e d  by a n  onboard se- 
quencer  and keyed t o  t h e  p e r i o d i c  command of t h e  o r b i t e r .  I n  
a d d i t i o n ,  10 d i s c r e t e  commands have been i d e n t i f i e d .  

A concept  of packaging t h e  BVS i n  a n  a e r o s h e l l  i s  i n d i c a t e d  
i n  f i g u r e  3 .  The gondola i s  a c y l i n d e r  ( t a p e r e d  s l i g h t l y )  1 f t  
h i g h  and approx ima te ly  2 f t  i n  d i ame te r  w i t h  a volume of a p p r o x i -  
ma te ly  2 c u  f t .  Th i s  i m p l i e s  a packing d e n s i t y  of 25 t o  30 l b /  
c u  f t .  The t a p e r  t o  t h e  c y l i n d e r  i s  t o  p e r m i t  f r e e  deployment of 
t h e  b a l l o o n ,  which i s  packed i n  t h e  annu lus  a round  t h e  gondo la ,  
The packing d e n s i t y  i s  20 l b / c u  f t ,  which i s  c o n s i d e r e d  modera t e ,  

The pa rachu te  i s  deployed by m o r t a r  from i t s  p o s i t i o n  above 
t h e  go'ndola and s e p a r a t i o n  of t h e  e n t i r e  BVS from t h e  a e r o s h e l l  
i s  by e x p l o s i v e  b o l t s .  The h i g h - p r e s s u r e  hydrogen t ankage  i s  i n  
t h e  form of an o b l a t e  s p h e r o i d ,  which i s  optimum f o r  f i l a m e n t -  
wrapped t anks .  

The i n f l a t i o n  c o n t r o l s  a re  des igned  t o  b e  dropped w i t h  t h e  
tankage a f t e r  i n f l a t i o n  and t h e  r e l i e f  v a l v e  i s  i n s t a l l e d  i n  t h e  
gondola  f o r  thermal  p r o t e c t i o n .  

The an tennas  a r e  n o t  shown. De ta i l  d e s i g n  w i l l  be r e q u i r e d  
t o  c r e a t e  a s u i t a b l e  a n t e n n a  c o n f i g u r a t i o n  w i t h o u t  e x c e s s i v e  
we igh t  p e n a l t y .  The problem i s  a g g r a v a t e d  by t h e  d e s i r e  t o  t r a n s -  
m i t  du r ing  t h e  deployment phase.  A l so  n o t  shown i s  a P i t o t l s t a t i c  
arrangement ,  which i s  r e q u i r e d  t o  a d e q u a t e l y  s e n s e  ambien t  p r e s -  
s u r e  f o r  i n i t i a l  b a l l o o n  deployment.  The P i t o t  t ube  h a s  t o  be  de-  
ployed from the  a e r o s h e l l .  

The i n t e r n a l  arrangement  does n o t  a p p e a r  t o  be c r i t i c a l .  Both 
b a t t e r i e s  and an RTG a re  shown. Two sondes a re  i n d i c a t e d ,  and 
1 1 2  i n .  of i n s u l a t i o n  i s  p rov ided ,  which i s  s u i t a b l e  i f  100 W of  
h e a t  i s  a v a i l a b l e .  Th i s  p r o v i d e s  f o r  a n  i n t e r n a l  t e m p e r a t u r e  of 
40°F, which i s  d e s i r a b l e  f o r  p rope r  b a t t e r y  o p e r a t i o n .  

F i g u r e  4 d e f i n e s  t h e  c o n f i g u r a t i o n  i n  a deployed c o n d i t i o n  -- 
a f t e r  the tankage and c o n t r o l s  have been dropped.  The b a l l o o n  i s  
25.4 f t  i n  d i ame te r  p r o v i d i n g  a t o t a l  l i f t  of 95 l b  o f  which ap-  
proximately 70 l b  i s  a v a i l a b l e  f o r  t h e  gondola .  (Th i s  i s  f o r  a 
midrange 200-lb s t a t i o n .  The 225-1b s t a t i o n  w i l l  s u p p o r t  a gon- 
d o l a  weighing approx ima te ly  80 l b ) .  



The o v e r a l l  w e i g h t  breakdown i s  i n d i c a t e d  i n  t a b l e  1. F u r t h e r  
breakdowns are  g iven  i n  each of t h e  subsystem s e c t i o n s  l a t e r  i n  
t h i s  r e p o r t .  The approach  t aken  was t o  d e f i n e  t h e  c a p a b i l i t y  of 
r a n g e  of systems we igh ing  from 175 t o  225 l b .  
w r i t t e n  i n  t e r m s  of  a 200-lb s t a t i o n .  Growth o r  p o s s i b l e  d e c r e a s e  
i n  payload w e i g h t  c a n  t h u s  be de t e rmined  e a s i l y  i n  terms of  o v e r -  
a l l  w e i g h t .  

This volume i s  

A s  c a n  be  s e e n  from t a b l e  1, a 12 - lb  margin ex i s t s  between 
t h e  t o t a l  subsystems w e i g h t  and t h e  a l l o w a b l e  gondola  w e i g h t .  
T h i s  margin i n c l u d e s  s t r u c t u r e  and the rma l  c o n t r o l .  The the rma l  
c o n t r o l  i s  e s t i m a t e d  a t  2.4 l b ,  a l l o w i n g  10 l b  f o r  s t r u c t u r e .  

I n  d e f i n i n g  t h e  i n d i v i d u a l  w e i g h t s ,  i t  was a t t e m p t e d  n o t  t o  
choose  t h e  most o p t i m i s t i c  v a l u e s  f o r  a l l  systems.  Thus, w h i l e  
w e i g h t  growth i s  i n e v i t a b l e ,  some improvement i s  a l s o  c o n c e i v a b l e .  
S i g n i f i c a n t  areas f o r  improvement are:  

1) The s p r e a d  of  des ign  a tmosphe res  c o n s i d e r e d  may be a n  
unnecessa ry  p e n a l t y .  The Mar ine r  67 f l y b y  may f u r t h e r  
r e f i n e  t h e  c o n d i t i o n s  a t  c l o u d  t o p .  A c o n s i d e r a b l e  
s a v i n g  c o u l d  b e  ach ieved  i f  i t  were known t h a t  t h e  
s t a t i o n  would be  f l o a t i n g  i n  t h e  sun  above t h e  c l o u d s ;  

2) The o r b i t  chosen  f o r  t h e  communication l i n k  a n a l y s i s  
and t h e  p a t h  assumed f o r  t h e  BVS are  f a r  from optimum, 
p l a c i n g  a p e n a l t y  on t h e  communication and r a n g i n g  
s y s  t e m  w e i g h t s .  

SYMBOLS 

AID 

AGC 

APC 

BPF 

BP S 

Br f 

V 
B 

BVS 

BW 

a n a l o g  t o  d i g i t a l  

a u t o m a t i c  g a i n  c o n t r o l  

a u t o m a t i c  phase  c o n t r o l  

bandpass  f i l t e r  

b i t s  p e r  second 

r a d i o  f r equency  bandwidth ( p r e d e t e c  t i o n )  

v i d e o  bandwidth 

buoyant Venus s t a t i o n  

bandwidth,  c p s  
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CP &S 

DA S 

f 

f 

C 

0 

g 

m i l  

NRZ 

P B I  

b 
'e 

RTG 

SNR 

i 
SNR 

0 
SNR 

S T /  (N-B)  

vco 
Q 

E 

e 
2 

U n 

2 
0 
S 

cp 

c e n t r a l  programer and sequence r  

d a t a  au tomat ion  s y s t e m  

c e n t e r  f r equency  of f i l t e r  

sync s u b c a r r i e r  f r equency  

a c c e l e r a t i o n  of g r a v i t y ,  f t / s e c  

one - thousand th  of a n  i n c h  

nonre  t u r n  t o  z e r o  

Po lybenz imidazo le  (polymer) 

2 

b i t  e r r o r  p r o b a b i l i t y  

r a d i o i s o t o p e  the rma l  gene ra  t o r  

s i g n a l - t o - n o i s e  r a t i o  

i n p u t  s i g n a l - t o - n o i s e  r a t i o  

o u t p u t  s i g n a l - t o - n o i s e  r a t i o  

s i g n a l  energy p e r  b i t  

vo 1 t a g e  -c on t r o  11 ed os c i 11 a t o r  

s o l a r  a b s o r p t i v i t y ,  d i m e n s i o n l e s s  

modu la t ion  i n d e x ,  r a d i a n s  ( d a t a  c h a n n e l )  

modu la t ion  index ,  r a d i a n s  (sync c h a n n e l )  

i n f r a r e d  e m i s s i v i t y ,  d i m e n s i o n l e s s  

true anomaly ( r e f e r s  t o  o r b i t )  

l i m i t e r  n o i s e  s u p r e s s i o n  f a c t o r  

l i m i t e r  s i g n a l  s u p r e s s i o n  f a c t o r  

d r i f t  a n g l e  of  s t a t i o n  on g r e a t  c i r c l e  p a t h  from 
i n i t i a l  p o s i t i o n  toward p l a n e t ' s  South P o l e  



SCIENCE / I N  STRUMEN TAT1 ON SUB SYSTEM 

Experiments 

The s c i e n t i f i c  i n s t r u m e n t a t i o n  f o r  t h e  2 0 0 - l b  BVS i s  summa- 
r i z e d  i n  t a b l e  2.  
f o r  answer ing  t h e  most impor t an t  q u e s t i o n s  a b o u t  t h e  Venus atmos- 
p h e r e .  P r e s s u r e ,  t e m p e r a t u r e ,  c o m p o s i t i o n ,  and d e n s i t y  d e f i n e  t h e  
atmosphere and t h e  environment  f o r  l i f e .  P r e s s u r e  and t e m p e r a t u r e  
p r o f i l e  measurements from t h e  d rop  sondes p e r m i t  a l t i t u d e  t o  be 
i n f e r r e d  from p r e s s u r e  measurements on t h e  s t a t i o n .  The t r a c k -  
i n g  of t h e  s t a t i o n  from t h e  o r b i t e r  d e t e r m i n e s  t h e  wind p a t t e r n .  

The i n s t r u m e n t s  l i s t e d  p r o v i d e  t h e  c a p a b i l i t y  

The expe r imen t s  f o r  t h e  drop sondes a r e  shown i n  t a b l e  3 and 
t h e  w e i g h t  and power a l l o c a t i o n s  i n  t a b l e  4 .  The t e m p e r a t u r e  
s e n s o r  and i t s  tube  are mounted on t h e  n o s e ;  che water vapor  de- 
t e c t o r  i n l e t  p o r t  i s  l o c a t e d  n e a r  t h e  n o s e  w i t h  t h e  e x i t  p o r t  n e a r  
a s t a t i c  p r e s s u r e  p o i n t  t o  p rov ide  f l o w ;  and t h e  p r e s s u r e  s e n s o r  
p o r t s  are l o c a t e d  a t  s t a t i c  p r e s s u r e  p o i n t s  around t h e  body as 
shown i n  f i g u r e  5. 

Data A c q u i s i t i o n  

There are  t h r e e  modes of  da t a  a c q u i s i t i o n  f o r  t h e  s c i e n c e  sub-  
system. They a re :  

Mode I - P r e s s u r e ,  t empera tu re ,  d e n s i t y ,  and compos i t ion  meas- 
urements  w h i l e  a t  e q u i l i b r i u m  a l t i t u d e .  These d a t a ,  amounting 
t o  9 1  b i t s ,  a re  r e a d  eve ry  1.25 h r  t h r e e  t i m e s  d u r i n g  each o r -  
b i t  and s t o r e d  f o r  t r a n s m i s s i o n  when t h e  o r b i t e r  comes i n t o  
view; 

Mode I1 - Drop sonde d a t a  ( p r e s s u r e ,  t e m p e r a t u r e ,  and w a t e r )  
r e c e i v e d  and s t o r e d .  No d a t a  from Mode I are  c o l l e c t e d  du r -  
i n g  t h i s  p e r i o d  (1 o r b i t ) .  Th i s  mode i s  i n i t i a t e d  on command 
from t h e  o r b i t e r ;  

Mode 111 - During s t a t i o n  d e s c e n t  a t  t h e  end of t h e  m i s s i o n ,  
Mode I measurements a r e  taken and t r a n s m i t t e d  t o  t h e  o r b i t e r  
e v e r y  13.3 sec. 
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Sequencing 

A f t e r  b a l l o o n  deployment i s  comple t e  and t h e  e q u i l i b r i u m  a l t i -  
tude  a t t a i n e d ,  Mode I measurements b e g i n  and a re  c o n t i n u e d  u n t i l  
a command from e a r t h  i n i t i a t e s  drop sonde re lease and Mode 11. A s  
soon as Mode I1 d a t a  are  s a t i s f a c t o r i l y  r e c e i v e d  on e a r t h ,  a n o t h e r  
command c a u s e s  t h e  Mode I measurements t o  resume. The p r o c e s s  i s  
r e p e a t e d  f o r  t h e  second d rop  sonde.  
a f t e r  the s t a t i o n  h a s  c r o s s e d  t h e  t e r m i n a t o r  a t  o r  n e a r  t h e  s o u t h  
p o l e ,  a t h i r d  command i n i t i a t e s  s t a t i o n  d e s c e n t  and Mode 111. An 
approximate t i m e t a b l e  i s  shown i n  t a b l e  5. 

A t  t h e  end of  t h e  m i s s i o n ,  

Problem Areas 

The d e s i g n  and development of a 5 - l b  drop sonde t o  s u r v i v e  t h e  
h i g h  t empera tu res  and p r e s s u r e s  of t h e  lower atmosphere p r e s e n t s  
a major  problem. However, t h i s  a p p e a r s  w i t h i n  t h e  s t a t e  of  t h e  
a r t  u s i n g  m i n i a t u r i z a t i o n  t e c h n i q u e s  , t he rma l  i n s u l a t i o n  and phase-  
change h e a t - s i n k  m a t e r i a l ,  and by deve lop ing  t h e  sonde as a s i n g l e  
package r a t h e r  t han  a s t a c k  of  b l a c k  boxes.  

The expe r imen t s ,  w i t h  t h e  e x c e p t i o n  of  some of  t h e  s i n g l e  gas 
d e t e c t o r s ,  have been developed t o  a t  l e a s t  t h e  b readboard  s t a g e ,  
b u t  none a re  y e t  i n  a form s u i t a b l e  f o r  u s e  on t h e  BVS. However, 
t h e r e  appear t o  be  no fundamental  problems t h a t  t i m e  and deve lop -  
ment e f f o r t  c a n n o t  s o l v e .  

S p e c i a l  r e q u i r e m e n t s  of problems such  as deployment,  l ook  
a n g l e s  , p r o t e c t i o n ,  c o n t a m i n a t i o n  by l e a k a g e  g a s e s  , e t c .  , p r e s e n t  
some d i f f i c u l t y  b u t  a p p e a r  t o  be  amenable t o  s o l u t i o n  d u r i n g  t h e  
p r e l i m i n a r y  d e s i g n  phase.  

The on ly  fundamental  problem c o n c e r n s  t h e  wind p a t t e r n  on 
Venus. While a t h e o r e t i c a l  model h a s  been assumed f o r  c a l c u l a t i n g  
t h e  BVS t r a j e c t o r i e s  and f l i g h t  t i m e s ,  t h e r e  i s  v e r y  l i t t l e  e x p e r i -  
m e n t a l  d a t a  t o  s u b s t a n t i a t e  e i t h e r  t h e  g e n e r a l  p a t t e r n  o r  t h e  magni- 
tude of t h e  wind v e l o c i t i e s  u sed .  

BALLOON SUBSYSTEM 

The b a l l o o n  i s  des igned  f o r  a minimum m i s s i o n  d u r a t i o n  of  
seven days f l o a t i n g  a t  57 km i n  t h e  mean d e n s i t y  a tmosphere w i t h  
a s u p e r p r e s s u r e  of 6 mb. I n  t h i s  a tmosphere,  t h e  s t a t i o n  i s  ap-  
p rox ima te ly  1.8 km above t h e  c l o u d s .  I n  t h e  lower d e n s i t y  model 
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t h e  s t a t i o n  f l o a t s  a t  approx ima te ly  40 k m ,  which may be  w i t h i n  t h e  
c l o u d s .  I n  t h e  upper  d e n s i t y  a tmosphere,  t h e  s t a t i o n  w i l l  f l o a t  
a t  approx ima te ly  79  km, which i s  above t h e  c l o u d s .  

Hydrogen gas  i s  used as the  i n f l a t i o n  media,  and t h e  b a l l o o n  
i n f l a t i o n  sequence i s  i n i t i a t e d  a t  one s e l e c t e d  s t a t i c  p r e s s u r e .  
The i n f l a t i o n  r e s u l t s  from t h e  blowdown of t h e  h i g h - p r e s s u r e  
( 4 5 0 0  p s i a )  p r e s s u r a n t  tank.  

The b a l l o o n  i s  f a b r i c a t e d  from Mylar .  T h i s  i s  based on good 
p h y s i c a l  p r o p e r t i e s  and on t h e  c u r r e n t  s t a t e  of t echno logy  w i t h  
r e s p e c t  t o  b a l l o o n  f a b r i c a t i o n  and d e s i g n .  The b a s i c  c o n s t r u c -  
t i o n  i s  a l a m i n a t i o n  of  two f i l m s  of  0 . 5  m i l  e ach .  The r e s u l t -  
i n g  b a l l o o n  d e s i g n  i s  shown i n  f i g u r e  6 .  

P e r t i n e n t  d a t a  a re  as fo l lows :  

1) Volume, 8630 c u  f t ;  

2 )  Diameter, 2 5 . 4  f t ;  

3 )  S u r f a c e  area, 2025 sq f t .  

Ba l loon  d e s i g n  d e t a i l s  a r e  shown i n  f i g u r e s  7 and 8 .  Nylon- 
r e i n f o r c e d  Mylar i s  used  f o r  the c a p  a t t a c h m e n t  l o a d s  and t h e  i n -  
f l a t i o n  f i t t i n g  ma t ing  a r e a  t o  produce a g r a d u a l  t r a n s i t i o n  t o  
h i g h  s t ress  p o i n t s .  A d i f f u s e r  p l a t e  and sock i s  used t o  r educe  
t h e  v e l o c i t y  of t h e  i n f l a t i o n  g a s  and e l i m i n a t e  t h e  p o s s i b i l i t y  
of d i r e c t  impingement o f  a h i g h - v e l o c i t y  gas  stream on t h e  b a l l o o n  
s k i n .  

The b a s i c  b a l l o o n  s h e l l  f a b r i c a t i o n  shown c o n s i s t s  of  a t t a c h -  
i n g  i d e n t i c a l  g o r e s  t o g e t h e r  w i th  Mylar adhes ive -backed  t a p e .  
The l amina ted  Mylar h a s  improved p r o p e r t i e s  o v e r  s i n g l e  f i l m  w i t h  
r e g a r d  t o  gas  permeat ion and h a n d l i n g  c h a r a c t e r i s t i c s .  The l o a d  
s u s p e n s i o n  c o n s i s t s  of  a nylon cone  a t t a c h e d  t o  t h e  b a l l o o n  s k i n  
fo rming  a t a n g e n t  h a r n e s s .  The i n c l u d e d  a n g l e  i s  approx ima te ly  
1 2 0 O .  

The c a l c u l a t e d  s k i n  s t r e s s  r e s u l t i n g  from t h e  6-mb s u p e r p r e s -  
s u r e  i s  approx ima te ly  7000 p s i .  The suspended l o a d  imposes a l o a d  
of  a p p r o x i m a t e l y  0 . 3  l b / i n .  The s t r e s s  of  7000 p s i  c o r r e s p o n d s  t o  
a s k i n  s t r e s s  of 7 l b l i n .  This s u b s t a n t i a l  d i f f e r e n t i a l  e n s u r e s  
a minimum de fo rma t ion  from the s p h e r i c a l  shape .  
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A schematic of  t h e  b a l l o o n  i n f l a t i o n  and c o n t r o l  subsystem i s  
shown i n  f i g u r e  9 .  The hydrogen gas  i s  s t o r e d  a t  a nominal p r e s -  
s u r e  of 4500 p s i a  and i s  loaded  th rough  a manual f i l l  v a l v e .  Pres -  
s u r e  and t e m p e r a t u r e  of t h e  s t o r e d  gas  a r e  mon i to red  w i t h  t r a n s -  
d u c e r s .  The ordnance s h u t o f f  v a l v e  i s  opened on s i g n a l  from a 
p r e s s u r e  s w i t c h  s e n s i n g  s t a t i c  p r e s s u r e .  The f i l t e r  p r o t e c t s  t h e  
b a l l o o n  and downstream components from me ta l l i c  p a r t i c l e s  g e n e r a t e d  
from an ordnance v a l v e  f i r i n g .  The o r i f i c e  r e s t r i c t s  t h e  f low t o  
e n s u r e  t h a t  t h e  b a l l o o n  i s  n o t  s u b j e c t e d  t o  an i n i t i a l  damaging 
f low r a t e .  The g u i l l o t i n e  i s  t h e  s e p a r a t i o n  d e v i c e  t h a t  a l l o w s  t h e  
t ank  and upstream components t o  be d i s c o n n e c t e d  from t h e  s t a t i o n .  
The b a l l o o n  s h u t o f f  v a l v e  i s  a no rma l ly  open o rdnance  v a l v e  t h a t  
i s  c l o s e d  on s i g n a l  from t h e  flowmeter s i g n a l  c o n d i t i o n e r .  The 
flowmeter s i g n a l  i s  s e n t  when t h e  gas  f low h a s  r eached  a s e l e c t e d  
minimum v a l u e .  Two o t h e r  methods are  c o n s i d e r e d  f o r  c o n t r o l l i n g  
t h e  s h u t o f f  v a l v e .  A p r e s s u r e  s w i t c h  t h a t  opens a t  a t a n k  p r e s -  
s u r e  i n  t h e  r ange  of 300 t o  500 mb c o u l d  be  used ;  a n o t h e r  method 
of c o n t r o l  i s  u s i n g  a s e l e c t e d  t ime i n t e r v a l .  The p r e s s u r e  s w i t c h  
s e n s i n g  b a l l o o n  s u p e r p r e s s u r e  c o n t r o l s  t h e  s o l e n o i d  v a l v e  f o r  t h e  
r e l i e f  f u n c t i o n .  An a l t e r n a t i v e  method would be u s e  of a r e l i e f  
v a l v e  . 

The hydrogen gas  p r e s s u r a n t  t a n k  w e i g h t  i s  based on a n i c k e l -  
l i n e d ,  filament-wound v e s s e l  because  n i c k e l  i s  n o t  known t o  be 
a t t a c k e d  by hydrogen.  The f i l a m e n t  may b e  g l a s s  o r  boron,  which 
are  c o m p a t i b l e ,  and r e s u l t s  i n  a w e i g h t  o f  11 l b  of t a n k  p e r  pound 
of hydrogen g a s ,  Th i s  w e i g h t  i s  p r e d i c a t e d  on h e a t  s t e r i l i z a t i o n  
b e i n g  accomplished i n  t h e  u n p r e s s u r i z e d  c o n d i t i o n .  The hydrogen 
would be loaded  a f t e r  b e i n g  s t e r i l i z e d  i n  a s e p a r a t e  c o n t a i n e r .  

The s t a t i o n  deployment sequence i s  shown i n  f i g u r e  10. The 
equipment r e q u i r e d  f o r  t h e  s t a t i o n  deployment i s  shown i n  f i g u r e  
11. P r e s s u r e  s w i t c h e s  a r e  used t o  i n i t i a t e  b o t h  p a r a c h u t e  and 
b a l l o o n  deployment.  Ordnance d e v i c e s ,  such  as p i n  p u l l e r s  and 
e x p l o s i v e  n u t s ,  a re  used f o r  s e p a r a t i n g  and opening f u n c t i o n s .  

The hardware r e q u i r e d  f o r  b a l l o o n  i n f l a t i o n  a l o n g  w i t h  quan- 
t i t y  o f  each component r e q u i r e d ,  u n i t  w e i g h t s ,  volumes, and  power 
r equ i r emen t s  are  l i s t e d  i n  t a b l e  6 .  The v a l u e s  shown a re  t y p i c a l  
f o r  similar components found on s p a c e c r a f t  t o  d a t e .  The develop-  
ment s t a t u s  and f l i g h t  usage of  t h e  components a re  shown i n  t a b l e  
7 .  M a r i n e r  and Surveyor have used s imi l a r  hardware.  The pr imary 
d i f f e r e n c e  between t h e s e  f l i g h t - p r o v e n  components and t h o s e  r e -  
q u i r e d  f o r  t h i s  m i s s i o n  i s  s t e r i l i z a t i o n .  Ordnance s q u i b s  and 
v a l v e s  have been s u b j e c t e d  t o  s t e r i l i z a t i o n  t e m p e r a t u r e s  a t  J e t  
P r o p u l s i o n  L a b o r a t o r y  and have f u n c t i o n e d  p r o p e r l y .  



The p r e s s u r e  s w i t c h  t h a t  c o n t r o l s  t h e  b a l l o o n  s u p e r p r e s s u r e  
a p p e a r s  t o  be w i t h i n  s t a t e  of the a r t  f o r  t h e  1970 t i m e  p e r i o d .  
The A i r  F o r c e  Cambridge Research L a b o r a t o r y  h a s  flown a p r e s s u r e  
s w i t c h  w i t h  a s e t t i n g  of  10 mb and a bandwidth of  10%. A SUP- 

p l i e r  of  p r e s s u r e  s w i t c h e s ,  Servonic  I n s t r u m e n t s ,  h a s  a p r e s s u r e  
s w i t c h  i n  e n g i n e e r i n g  w i t h  a s e t t i n g  of 7 mb f o r  p r o d u c t i o n  i n  
1968. 

The r e l i e f  v a l v e  p r e s e n t s  a g r e a t e r  e x t e n s i o n  of t h e  p r e s e n t  
s t a t e  of  t h e  a r t .  The r equ i r emen t s  are  shown i n  t a b l e  8 .  The 
small  d i f f e r e n t i a l  p r e s s u r e s  f o r  c r a c k i n g ,  f u l l  f low and reseat  
p r e s e n t  problems of  minimizing sea t  l e a k a g e .  A p r e s s u r e  s w i t c h  
o p e r a t i n g  a s o l e n o i d  v a l v e  i s  an a l t e r n a t i v e  approach  t h a t  e l i m i -  
n a t e s  t h e  r e q u i r e m e n t  f o r  t h i s  v a l v e .  

Analyses  were performed t o  e v a l u a t e  h y d r a z i n e  and hydrogen,  
s i n g l e  vs m u l t i p l e  b a l l o o n s ,  deployment s e n s i n g  methods,  b a l l o o n  
e f f e c t s  of t h e  s t a t i o n  c r o s s i n g  t h e  t e r m i n a t o r ,  and t h r e e  i n f  l a -  
t i o n  methods. 

The h i g h - p r e s s u r e  hydrogen g a s  i n f l a t i o n  system w a s  compared 
t o  t h e  decomposed h y d r a z i n e  i n f l a t i o n  sys t em t o  de t e rmine  t h e  re- 
s u l t i n g  g r o s s  payload c a p a b i l i t y  of  each.  The 200- lb  s t a t i o n  
w e i g h t  breakdown u s i n g  each  method i s  shown i n  t a b l e s  9 and 10. 
I t  i s  s e e n  t h a t  t h e  s t a t i o n  u s i n g  hydrogen s u p p o r t s  a gondola  
we igh t  of 69.4 l b  whereas  t h e  h y d r a z i n e  i n f l a t e d  s t a t i o n  s u p p o r t s  
61.0 l b .  The range  of  gondola w e i g h t s  t h a t  c a n  be  s u p p o r t e d  f o r  
a r ange  of s t a t i o n  w e i g h t s  i s  shown i n  f i g u r e  12. The major d i f -  
f e r e n c e s  a re  found i n  t h e  l a r g e r  b a l l o o n  r e q u i r e d  ( s e e  f i g s .  13 
and 14) f o r  t h e  h y d r a z i n e  and a s i g n i f i c a n t  d i f f e r e n c e ,  9 l b ,  i n  
v a l v i n g  and c o n t r o l s .  

The r e s u l t s  of t h e  a n a l y s i s  of a f i v e - b a l l o o n  c o n c e p t  t h a t  
a l l o w s  f o r  a s i n g l e  b a l l o o n  f a i l u r e  compared t o  t h e  s i n g l e  b a l l o o n  
i s  a l s o  shown i n  f i g u r e s  1 2  t h r u  14. The m u l t i p l e  b a l l o o n  s ta -  
t i o n  r e q u i r e s  s e v e r a l  more v a l v e s  and s e n s o r s .  The w e i g h t  of t h e  
s i n g l e  b a l l o o n  c o n t r o l s  i s  6.7 l b ,  whereas  t h e  m u l t i p l e  b a l l o o n  
c o n t r o l s  weigh 21.4 l b .  This d e c r e a s e s  the payload c a p a b i l i t y  by 
a p p r o x i m a t e l y  10%. 

Deploying a b a l l o o n  i n  an unknown a tmosphere ,  i n  t h i s  case de-  
f i n e d  by t h r e e  models,  i s  d i f f i c u l t .  The b a l l o o n  w i l l  s e t t l e  o u t  
a t  a d e n s i t y  l e v e l ,  b u t  mo lecu la r  w e i g h t  and t e m p e r a t u r e  d i f f e r e n c e  
a l l o w  t h e  ambient  p r e s s u r e  t o  v a r y .  During i n f l a t i o n ,  t h e  d i f -  
f e r e n t i a l  p r e s s u r e  a c r o s s  the b a l l o o n  mater ia l  must n o t  exceed 
t h e  d e s i g n  l i m i t s ,  I f  t h e  ba l loon  i s  i n f l a t e d  below t h e  e q u i l i b -  
r ium a l t i t u d e ,  a d d i t i o n a l  gas must be t r a n s p o r t e d  t o  p r o v i d e  
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s u f f i c i e n t  buoyancy t o  r e v e r s e  deployment d i r e c t i o n .  I f  t h e  b a l -  
loon i s  i n f l a t e d  above e q u i l i b r i u m  a l t i t u d e ,  gas  must b e  r e l i e v e d  
t o  ensu re  t h a t  t h e  d e s i g n  s u p e r p r e s s u r e  i s  n o t  exceeded.  Th i s  g a s  
must be made up a f t e r  o b t a i n i n g  e q u i l i b r i u m  a l t i t u d e  t o  produce 
the proper  s u p e r p r e s s u r e .  

One method of s e n s i n g  f o r  p r o p e r  b a l l o o n  i n f l a t i o n  i s  t o  s e n s e  
s t a t i c  p r e s s u r e .  A t  a g i v e n  p r e s s u r e  l e v e l ,  t h e  i n f l a t i o n  sequence 
would be i n i t i a t e d  f o r  a l l  t h r e e  model a tmosphe res ,  

The s t a t i c  p r e s s u r e  a t  t h e  f l o t a t i o n  a l t i t u d e s  for t h e  t h r e e  
model atmospheres ( a t  a common d e n s i t y  of 0 .011 l b / c u  f t )  i s :  

1) Upper d e n s i t y  a tmosphere,  

a )  A l t i t u d e ,  7 9  km, 

b)  P r e s s u r e ,  89 mb; 

2 )  Mean d e n s i t y  a tmosphere,  

a )  A l t i t u d e ,  57 km, 

b)  P r e s s u r e ,  105 mb; 

3) Low d e n s i t y  a tmosphere,  

a )  A l t i t u d e ,  40 km, 

b) P r e s s u r e ,  104 mb. 

Assume t h e  b a l l o o n  i s  des igned  f o r  a 6-mb s u p e r p r e s s u r e  c o n d i -  
t i o n .  For t h e  mean atmosphere,  i n f l a t i o n  must b e  complete  a t  an 
atmospheric  p r e s s u r e  of 105 mb o r  h i g h e r  so t h a t  t h e  d e s i g n  s u p e r -  
p r e s s u r e  i s  n o t  exceeded. The maximum p r e s s u r e  s h o u l d  n o t  exceed 
111 mb because p r e s s u r e  i n  e x c e s s  of  t h i s  w i l l  produce a gas  pen- 
a l t y .  

An a l t e r n a t i v e  method f o r  s e n s i n g  t h e  p r o p e r  c o n d i t i o n s  f o r  
b a l l o o n  deployment would be t o  s e n s e  ambient  d e n s i t y  w i t h  a d e n s i -  
t o m e t e r ,  e s t a b l i s h  ave rage  molecu la r  we igh t  of t h e  atmosphere by 
a mass s p e c t r o m e t e r ,  and measure s t a t i c  t empera tu re  w i t h  a probe.  
The ambient p r e s s u r e  can  then be d e f i n e d  i f  t h e  p e r f e c t  g a s  l a w  
i s  assumed. The f o l l o w i n g  example i n d i c a t e s  t h e  i n a c c u r a c y  of  
t h i s  method: 



1) Measure molecu la r  w e i g h t ,  210%; 

2) Measure d e n s i t y  of a tmosphere,  55%; 

3 )  Measure s t a t i c  t empera tu re ,  51%. 

F o r  t h e  mean atmosphere t h i s  w i l l  r e s u l t  i n  q u a n t i t i e s  o f :  

1) Molecu la r  w e i g h t ,  28.8 t o  35.2 l b ;  

2 )  D e n s i t y ,  0.0105 t o  0.0115 l b / c u  f t ;  

3 )  Temperature,  223 t o  227.4"K. 

Th i s  p roduces  a p r e s s u r e  u n c e r t a i n t y  o f  between 90 and 123 
mb, which i s  u n a c c e p t a b l e  because of t h e  we igh t  p e n a l t y  t o  t h e  
b a l l o o n  subsystem. 

From t h i s  a n a l y s i s ,  a s t a t i c  p r e s s u r e  measurement i s  t h e  de- 
s i r e d  method f o r  i n i t i a t i n g  t h e  b a l l o o n  deployment.  I f  a 2% p r e s -  
s u r e  s w i t c h  c a n  be r e a l i z e d ,  t h e r e  a r e  no we igh t  p e n a l t i e s  a s s o -  
c i a t e d  w i t h  t h e  b a l l o o n  (6 mb s u p e r p r e s s u r e )  o r  hydrogen gas  sub- 
sys t ems .  A 5% a c c u r a c y  s w i t c h  r e s u l t s  i n  a we igh t  p e n a l t y  of ap-  
p r o x i m a t e l y  3 l b .  

An e f f e c t  of  t h e  s t a t i o n  c r o s s i n g  t h e  t e r m i n a t o r  from t h e  
s u n l i g h t  s i d e  t o  t h e  d a r k  s i d e  i s  t h e  change i n  b a l l o o n  gas  t e m -  
p e r a t u r e  and t h e  r e s u l t i n g  d e c r e a s e  i n  p r e s s u r e .  The case of the 
s t a t i o n  f l o a t i n g  approx ima te ly  2 km above t h e  c l o u d s  i n  t h e  mean 
d e n s i t y  a tmosphere has  been ana lyzed  f o r  a range of b a l l o o n  c o a t -  
i n g s .  The r e s u l t a n t  b a l l o o n  t e m p e r a t u r e  r a n g e s  a r e  shown i n  
f i g u r e  15. I n c i d e n t  and r e f l e c t e d  r a d i a t i o n  w a s  c o n s i d e r e d .  I t  
i s  s e e n  t h a t  an a lumin ized  f i n i s h  w i l l  produce a t e m p e r a t u r e  change 
of approx ima te ly  25°C o r  11% of t h e  t o t a l  t e m p e r a t u r e .  To main- 
t a i n  a s u p e r p r e s s u r e  c o n d i t i o n  above t h e  105 mb ambien t  p r e s s u r e ,  
t h e  s u p e r p r e s s u r e  r e q u i r e d  i s  a p p r o x i m a t e l y  1 2  mb. Th i s  would re- 
s u l t  i n  a n  i n c r e a s e d  b a l l o o n  we igh t  of 15 l b  p l u s  5 l b  of a d d i -  
t i o n a l  hydrogen gas  system. I t  i s  p r a c t i c a l  f o r  t h e  s t a t i o n  t o  
p a s s  from t h e  d a r k  t o  t h e  l i g h t  s i d e  of  t h e  p l a n e t  s i n c e  t h i s  would 
o n l y  i n v o l v e  v e n t i n g  of t h e  gas as  i t  i s  h e a t e d .  

The undeployed s t a t i o n  i s  shown i n  f i g u r e  3.  The b a l l o o n  i s  
f o l d e d  i n t o  a s l e e v e  t h a t  i s  used t o  r e d u c e  b a l l o o n  f i l m  f l u t t e r  
d u r i n g  deployment.  The sleeve-bound b a l l o o n  i s  wrapped a round  
t h e  gondola  i n  a t o r u s .  The f i r s t  h a l f  o f  thk b a l l o o n  t o  be  
wrapped would be wound i n  one d i r e c t i o n  around t h e  gondola .  The 
l a s t  h a l f  would be wound i n  t h e  o p p o s i t e  d i r e c t i o n .  Th i s  method 
e l i m i n a t e s  t w i s t i n g  i n  t h e  ba l loon  mater ia l  when t h e  b a l l o o n  i s  
ex tended  by t h e  p a r a c h u t e  f o r  i n f l a t i o n .  
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I f  b a l l o o n  i n f l a t i o n  i s  i n i t i a t e d  s l i g h t l y  above e q u i l i b r i u m  

A deployment p r o f i l e  i s  shown i n  f i g u r e  
Th i s  c a n  b e  accompl ished  by 

a l t i t u d e  w i t h  a s i n g l e  s t e p  blowdown P r o c e s s ,  t h e r e  i s  no  r e s u l t -  
i n g  gas  w e i g h t  p e n a l t y .  
16 f o r  t h e  mean d e n s i t y  a tmosphere .  
s e n s i n g  ambient  p r e s s u r e  w i t h  a s e n s i n g  a c c u r a c y  of 5 2 %  i n  a l l  
t h r e e  atmospheres .  

Bal loon  i n f l a t i o n  i n i t i a t i o n  s l i g h t l y  above e q u i l i b r i u m  a l t i -  
tude  wi th  c o n t r o l s  t o  m a i n t a i n  p rope r  d i f f e r e n t i a l  p r e s s u r e  may 
b e  r e q u i r e d  i f  t h e  s e n s i n g  accu racy  i s  on t h e  o r d e r  of  10%. The 
t r a d e  be ing  approx ima te ly  2 l b  of c o n t r o l s  and  t h e i r  complex i ty  
a g a i n s t  6 l b  of gas  sys tem we igh t .  

There are no advan tages  t o  i n i t i a t i n g  i n f l a t i o n  below e q u i l i b -  
r ium a l t i t u d e  i n  t h e  mean o r  lower d e n s i t y  a tmospheres .  As shown 
above,  t h e  i n f l a t i o n  shou ld  b e  i n i t i a t e d  s l i g h t l y  above e q u i l i b -  
r ium a l t i t u d e .  However, f o r  a g iven  p r e s s u r e  s e t t i n g  o f  a sen-  
s o r ,  the  i n f l a t i o n  w i l l  t a k e  p l a c e  s l i g h t l y  below e q u i l i b r i u m  a l -  
t i t u d e  i n  t h e  upper  d e n s i t y  a tmosphere.  F o r  t h e  2% accuracy  sen -  
s o r y  the  nominal  i n i t i a t i o n  i n f l a t i o n  a l t i t u d e  i s  78 .1  km f o r  
t h e  79-km s t a t i o n .  

The e n g i n e e r i n g  measurements t h a t  shou ld  be made d u r i n g  s t a -  
t i o n  deployment and f o r  mon i to r ing  b a l l o o n  pa rame te r s  a r e  shown 
i n  t a b l e  11. 

TELECOMMUNICATIONS OPERATING MODES AND SUBSYSTEM DESCRIPTION 

Sequences and Modes 

The s t a t i o n  i s  programed on a f i x e d  b a s i s  t o  o p e r a t e  i n  
s e v e r a l  modes as shown i n  t a b l e  1 2 .  The sys tem i s  t u r n e d  on 
i n i t i a l l y  a t  s e p a r a t i o n  of  t h e  s t a t i o n  from t h e  a e r o s h e l l ,  a f t e r  
which the  t e l e m e t r y  t r a n s m i t t e r  t r a n s m i t s  deployment and  o t h e r  
e n g i n e e r i n g  d a t a  t o  t h e  o r b i t e r  f o r  a f i x e d  p e r i o d .  The sys tem 
then  e n t e r s  a mode i n  which s c i e n c e  d a t a  a re  sampled and  s t o r e d  
p e r i o d i c a l l y  i n  c o r e  s t o r a g e  u n t i l  t h e  o r b i t e r  a g a i n  a p p e a r s  above 
t h e  communication h o r i z o n .  

When t h e  s t a t i o n ' s  command r e c e i v e r  a c q u i r e s  t h e  o r b i t e r ' s  
command ca r r i e r ,  t h e  s t a t i o n  t r a n s m i t t e r  i s  t u r n e d  on. AS soon 
as t h e  o r b i t e r  a c q u i r e s  t h e  s t a t i o n  t r a n s m i t t e r  s i g n a l ,  a com- 
mand t o  beg in  r a n g i n g  measurements i s  s e n t ,  and  a r a n g i n g  measure-  
ment o r b i t e r  t o  s t a t i o n  i s  made. Th i s  i s  fo l lowed  by r e p e a t e d  
t r a n s m i s s i o n  of  t h e  s t o r e d  s c i e n c e  and  real-time e n g i n e e r i n g  
d a t a .  
manded and t h e  s t a t i o n  t r a n s m i t t e r  i s  t u r n e d  o f f .  

A f t e r  a f i x e d  p e r i o d ,  a r a n g i n g  measurement i s  a g a i n  com- 



The above o r b i t a l  sequence ( s t o r i n g  and t r a n s m i t t i n g  s c i e n c e  
d a t a )  i s  r e p e a t e d  f o r  a n o t h e r  o r b i t ,  a f t e r  which t h e  s t a t i o n  w i l l  
d r o p  a d rop  sonde t h a t  f a l l s  t o  t h e  s u r f a c e  w h i l e  t r a n s m i t t i n g  
d a t a  t o  t h e  s t a t i o n  a t  a r a t e  of  1 BPS. A t  t h e  n e x t  appea rance  
of t h e  o r b i t e r  t h e  s t o r e d  drop sonde d a t a  w i l l  be t r a n s m i t t e d  
from t h e  s t a t i o n  t o  t h e  o r b i t e r .  

The d a t a  t r a n s m i s s i o n  r a t e  and t i m e  of t r a n s m i s s i o n  i s  such  
t h a t  d a t a  may be r e p e a t e d  a t  l eas t  t h r e e  times pe r  o r b i t a l  t r a n s -  
m i s s i o n  p e r i o d  w i t h  t h e  excep t ion  of  t h e  s t o r e d  drop sonde d a t a .  
To be  r e p e a t e d ,  t h e  drop sonde d a t a  may be h e l d  i n  t h e  s t a t i o n  
s t o r a g e  and r e p e a t e d  on t h e  nex t  d a t a  t r a n s m i s s i o n  p a s s .  

The above sequences may be r e p e a t e d  u n t i l  b o t h  sondes have 
been dropped. Then t h e  i n i t i a l  s c i e n c e  sample,  s t o r e  and t r a n s -  
m i t  modes w i l l  resume f o r  a d d i t i o n a l  o r b i t s  u n t i l  a command from 
t h e  o r b i t e r  c a u s e s  t h e  s t a t i o n  t o  e n t e r  t h e  f i n a l  d e s c e n t  mode. 
A t  t h i s  t i m e ,  t h e  s t a t i o n  t e l e m e t r y  t r a n s m i t t e r  w i l l  remain on 
and t r a n s m i t  s c i e n c e  d a t a  u n t i l  t h e  s t a t i o n  i s  d e s t r o y e d  on i m -  
p a c t ,  o r  u n t i l  t h e  o r b i t e r  drops below t h e  communications h o r i z o n .  
A t y p i c a l  s t a t i o n  sequence i n c l u d i n g  deployment i s  shown i n  t a b l e  
13.  

Te lecommunica t ions Subs ys  t e m  D e s c r i p t i o n  

A s i m p l e  b l o c k  diagram of t h e  b a s e l i n e  te lecommunicat ions sub-  
system i s  shown i n  f i g u r e  1 7 .  Th i s  subsystem f e a t u r e s  a n  i n t e -  
g r a t e d  c o h e r e n t  command, r a n g i n g  and t e l e m e t r y  approach  f o r  t h e  
BVSIorb i t e r  l i n k s .  Dual s u b c a r r i e r s  f o r  t e l e m e t r y  and command, 
and a pseudono i se  tu rna round  r a n g i n g  code  a re  used.  F o r  t h e  d r o p  
sonde t o  s t a t i o n  l i n k ,  noncoherent  f r equency  s h i f t  key modu la t ion  
i s  used.  

The command l i n k  p l a y s  a v i t a l  r o l e  i n  t h e  s u c c e s s  o f  t h e  m i s -  
s i o n  w i t h  t h e  approach  t a k e n  f o r  t h i s  s t a t i o n .  
r e c e i v e r  s e a r c h e s  c o n t i n u o u s l y  f o r  t h e  o r b i t e r  command ca r r i e r  
u n t i l  i t  l o c k s  on,  t h i s  causes  t h e  s t a t i o n  t e l e m e t r y  t r a n s m i t t e r  
t o  be t u r n e d  on. Meanwhile the o r b i t e r ' s  r e c e i v e r ,  which h a s  been 
s e a r c h i n g  f o r  t h e  s t a t i o n  t r a n s m i t t e r  s i g n a l ,  c a n  now a c q u i r e  t h e  
s t a t i o n ' s  s i g n a l .  

The s t a t i o n  command 

A t  l o c k  on,  t h e  o r b i t e r  commands a r a n g i n g  mode and then  be- 
g i n s  t r a n s m i t t i n g  a PN r ang ing  code  f o r  a f i x e d  p e r i o d  t o  measure 
t h e  round t r i p  r a n g e  t o  t h e  s t a t i o n .  The command t o  t r a n s m i t  
t e l e m e t r y  d a t a  i s  then  g i v e n ,  and  t h e  s t a t i o n  b e g i n s  d a t a  t r a n s -  
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m i s s i o n  t o  the  o r b i t e r .  A f t e r  a f i x e d  i n t e r v a l ,  t h e  o r b i t e r  com- 
mands ano the r  r a n g i n g  measurement t h a t  c o n t i n u e s  u n t i l  t h e  maxi- 
mum s t a t i o n  t r a n s m i t t e r  "on" t i m e  h a s  been r e a c h e d  o r  u n t i l  t h e  
o r b i t e r  moves o u t  of communications r a n g e .  The s t a t i o n  t r a n s m i t -  
t e r  i s  turned o f f  by t h e  s t a t i o n  c e n t r a l  programer s e q u e n c e r .  

S t a t i o n  t o  o r b i t e r  l i n k .  - The s t a t i o n  t o  o r b i t e r  t e l e m e t r y  
l i n k  o p e r a t e s  a t  30 BPS u s i n g  7 -b i t /word  NRZ fo rma t  d u r i n g  a l l  
d a t a  t r a n s m i s s i o n  modes. A 5 W 200 MHz s o l i d - s t a t e  t r a n s m i t t e r  
i s  phase-modulated by t h e  sum of  two c o h e r e n t  s u b c a r r i e r s  as 
shown i n  . f i g u r e  18. The lower f r e q u e n c y  s u b c a r r i e r  i s  modulated 
by a squa re  wave a t  h a l f  t h e  b i t  r a t e  and t h e  upper  s u b c a r r i e r  
which i s  twice t h e  f r equency  of t h e  lower s u b c a r r i e r  i s  modu- 
l a t e d  by  t h e  d a t a .  

A t  t h e  r e c e i v i n g  end, t h e  ca r r i e r  phase l o c k  loop  l o c k s  o n t o  
t h e  incoming c a r r i e r ,  t h e  lower f r equency  s u b c a r r i e r  i s  doubled 
and t r a c k e d  u s i n g  a phase l o c k  loop  t o  p r o v i d e  a VCO r e f e r e n c e  
f o r  demodulating t h e  d a t a  s u b c a r r i e r .  Unambiguous b i t  sync i s  
d e r i v e d  i n  t h e  second phase l o c k  loop  and t h e  d a t a  a re  r e c o v e r e d  
from the d a t a  c h a n n e l  u s i n g  a matched f i l t e r  ( i n t e g r a t e  and dump) 
as shown i n  f i g u r e  18 ( r e f .  1). 

The l o w e s t  f r equency  s u b c a r r i e r  o p e r a t e s  a t  7 .68 KHz t o  a l l o w  
a n  adequa te  band f o r  t h e  ca r r i e r  s e a r c h  mode. I f  t h e  s u b c a r r i e r  
were placed t o o  c l o s e  t o  t h e  c a r r i e r ,  t h e  c a r r i e r  loop  c o u l d  l o c k  
o n t o  the s u b c a r r i e r  i n s t e a d  of t h e  c a r r i e r .  

Table 14 shows l i n k  marg ins ,  t h r e s h o l d s ,  sys t em t e m p e r a t u r e ,  
a d v e r s e  t o l e r a n c e s ,  and o t h e r  l i n k  c h a r a c t e r i s t i c s  f o r  a maximum 
r a n g e  of 10 000 km.  Tab le s  15 t h r u  1 7  t a b u l a t e  t h e  e n g i n e e r i n g  
and s c i e n c e  d a t a  t r a n s m i t t e d  ove r  t h e  l i n k .  

Command l i n k .  - The command l i n k  o p e r a t e s  a t  a f r equency  of  
230 MHz a n d  b i t  r a t e  of  30 BPS. The o r b i t e r  t r a n s m i t t e r  i s  
s o l i d  s t a t e  w i t h  a power o u t p u t  of 10 W .  

Two s u b c a r r i e r s  a re  used as i n  t h e  s t a t i o n - t o - o r b i t e r  teleme- 
t r y  l i n k .  The two-channel modulator  and demodulator  a re  i d e n t i -  
c a l  i n  p r i n c i p l e  of o p e r a t i o n  t o  t h o s e  f o r  t h e  t e l e m e t r y  l i n k .  

The s t a t i o n  r e c e i v e r  sweeps i n  s e a r c h  of t h e  o r b i t e r ' s  command 
c a r r i e r ;  t h u s ,  l i k e  t h e  t e l e m e t r y  l i n k ,  t h e  l o w e s t  f r equency  sub- 
ca r r i e r  must b e  p l a c e d  w e l l  o u t s i d e  t h e  sweep band t o  p r e v e n t  t h e  
c a r r i e r  t r a c k i n g  loop from l o c k i n g  o n t o  t h e  s u b c a r r i e r  o r  one of 
t he  modulation s idebands .  L ink  c a l c u l a t i o n s  and c h a r a c t e r i s  t i c s  
a r e  shown i n  t a b l e  18. The l i n k  margin under  w o r s t - c a s e  t o l e r -  
ance c o n d i t i o n s  m a i n t a i n s  a maximum b i t  e r r o r  p r o b a b i l i t y  of  1 x 



Only real-t ime d i s c r e t e  commands have been i d e n t i f i e d  as i n -  
d i c a t e d  by t h e  command l i s t ,  t a b l e  1 9 .  T h e r e f o r e ,  n o  command 
s t o r a g e  h a s  been p rov ided  i n  t h e  s t a t i o n  o t h e r  t han  f i x e d  t i m e  
d e l a y s  i n  i n i t i a t i o n  o f  sequences.  

It a p p e a r s  t h a t  a f i x e d  matr ix  decode r  i s  t h e  s i m p l e s t  d e s i g n  
approach  t h a t  i s  c o n s i s t e n t  w i t h  t h e  PCM l i n k  c o n s t r a i n t s .  This 
t y p e  of decode r  c o n s i s t s  e s s e n t i a l l y  of a p rewi red ,  f i x e d  l o g i c  
m a t r i x  t h a t  decodes each  r e c e i v e d  command word and s u p p l i e s  t h e  
a p p r o p r i a t e  s w i t c h i n g  f u n c t i o n .  

F o r  r e l i a b l e  o p e r a t i o n ,  a word frame s t r u c t u r e  of  two a d d r e s s  
words fo l lowed  by t h r e e  command words i s  a p p r o p r i a t e .  Each ad-  
d r e s s  word i s  made up of two "ones" and f o u r  " z e r o s , "  whereas  
each  command d a t a  word c o n s i s t s  of  f o u r  "ones" and f o u r  "ze ros . "  
I f  t h e  words do n o t  meet the above b i t  r a t i o  c r i t e r i o n  t h e  com- 
mand i s  r e j e c t e d .  

Ranging o r b i t e r  t o  s t a t i o n .  - Ranging measurements between 
t h e  o r b i t e r  and t h e  s t a t i o n  a r e  made by u s i n g  t h e  command and 
t e l e m e t r y  l i n k s  t o  p r o v i d e  a tu rna round  r a n g i n g  c a p a b i l i t y .  

F o l l o w i n g  two-way c a r r i e r  l o c k ,  a r e p e t i t i v e  command i s  t r a n s -  
m i t t e d  t o  t h e  s t a t i o n  t o  swi t ch  t h e  command receiver i n t o  t h e  
r a n g i n g  mode. 

The o r b i t e r  t hen  b e g i n s  t r a n s m i s s i o n  of a PN r a n g i n g  code ,  
which i s  r e c e i v e d  by t h e  s t a t i o n  and r e t r a n s m i t t e d  on t h e  t e l e m -  
e t r y  l i n k .  The t i m e  r e q u i r e d  f o r  t h e  s p a c e c r a f t  t o  a c q u i r e  t h e  
code  depends on t h e  r e c e i v e d  code  power, t h e  d e s i r e d  e r r o r  prob-  
a b i l i t y ,  and t h e  compos i t e  code s t r u c t u r e .  Golomb ( r e f .  2 )  h a s  
shown t h e  a c q u i s i t i o n  t i m e  can  b e  minimized by u s i n g  s e v e r a l  sub-  
code  e l e m e n t s  and a c q u i r i n g  the .  e l emen t s  i n  sequence.  F o r  example,  
i f  t h r e e  codes  a re  b e i n g  used of l e n g t h  p 1' P y  and P3, a t  

most  p1 + p2 + p3 t r i a l s  are  r e q u i r e d  t o  a c q u i r e  the code.  I f  

a s i n g l e  component code o f  t h e  same l e n g t h  i s  used ,  t h e  number 
of t r i a l s  f o r  a c q u i s i t i o n  would be  Consequen t ly  

i n  t h e  cases when a c q u i s i t i o n  t i m e  i s  t o  b e  r educed ,  a m u l t i p l e  
component code  shou ld  b e  used. The code  l e n g t h  s h o u l d  exceed  
twice t h e  maximum r o u n d - t r i p  t i m e  t o  p r o v i d e  unambiguous r a n g e  
d a t a  . 

p1 x p2 x p3. 

F o r  t h e  p a r t i c u l a r  c a s e  under  c o n s i d e r a t i o n ,  t h e  d e s i r e d  r a n g e  
a c c u r a c y  i s  2 2  km. The re fo re ,  t h e  PN b i t  r a t e  must be 37 700 BPS 
o r  a t r a n s m i s s i o n  d a t a  r a t e  of  18 750 BPS. 
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The r a n g i n g  l i n k  c a l c u l a t i o n s  a r e  shown i n  t a b l e  20. The 10- 
W down l i n k  i s  r e q u i r e d  t o  o b t a i n  an a d e q u a t e  SNR i n  t h e  r a n g i n g  
c h a n n e l  and c a r r i e r  t r a c k i n g  loop  a t  10 000 km. I t  would b e  de- 
s i r a b l e  t o  o p t i m i z e  t h e  modulat ion i n d e x  t o  e n s u r e  e q u a l  margins  
i n  t h e  c a r r i e r  and r a n g i n g  c h a n n e l s .  However, because  of t h e  
v a r i a t i o n  i n  t h e  r a n g i n g  c h a n n e l ' s  modu la t ion  i n d e x  w i t h  SNR, t h i s  
i s  n o t  p o s s i b l e .  Consequent ly  t h e  maximum u p - l i n k  modulat ion i n -  
dex was s e l e c t e d  a t  1.1 r a d  t o  e n s u r e  t h a t  c a r r i e r  s u p p r e s s i o n  
does n o t  t a k e  p l a c e  under h i g h  SNRs. Th i s  would r e s u l t  i n  an 
e q u i v a l e n t  r a n g i n g  modulat ion i n d e x  of 1.07 r a d  if t h e  s t a t i o n  
happens to  d r i f t  under  p e r i a p s i s .  The up - l ink  n o i s e ,  which a l s o  
modulates t h e  t r a n s m i t t e r ,  v a r i e s  a s  t h e  SNR i n  t h e  r a n g i n g  chan-  
n e l  changes.  Th i s  c a u s e s  a n  i n c r e a s i n g  n o i s e  modu la t ion  l o s s  on 
t h e  up l i n k  a s  t he  down-link SNR d e c r e a s e s .  For t h e  l i n k  param- 
e t e r s  p r e s e n t e d  i n  t a b l e  20, t h i s  has  r e s u l t e d  i n  a 1 . 9  dB modu- 
l a t i o n  l o s s  because o f  n o i s e .  

The above d i f f i c u l t i e s  can  be avo ided  a t  t h e  expense of s t a -  
t i o n  complexi ty  and a c q u i s i t i o n  t i m e  b y  r e g e n e r a t i n g  t h e  code a t  
t h e  s t a t i o n .  Th i s  would e l i m i n a t e  t h e  v a r i a t i o n  of modu la t ion  
i n d e x  wi th  r a n g e ,  t h e  n o i s e  modulat ion problem, and would r e q u i r e  
l ess  s p a c e c r a f t  t r a n s m i t t e r  power. However, because of we igh t  
l i m i t a t i o n s  and c o m p l e x i t y ,  r e g e n e r a t i o n  of t h e  code i s  n o t  con-  
s i d e r e d  d e s i r a b l e .  

Antennas.  - The s t a t i o n  h a s  two a n t e n n a s ,  one f o r  s t a t i o n /  
o r b i t e r  l i n k s  ( r a n g i n g ,  t e l e m e t r y  and command). The o t h e r  a n t e n n a  
i s  used  t o  r e c e i v e  r a d i o  d rop  sonde d a t a .  

The an tenna  f o r  t h e  s t a t i o n l o r b i t e r  l i n k  i s  a c r o s s e d  d i p o l e  
arrangement  mounted above a ground p l a n e .  F o r  t h e  l i n k  f r equen-  
c i e s  chosen ,  t h e  a n t e n n a  i s  c e n t e r e d  a t  a wavelength of 215 MHz 
and must o p e r a t e  o v e r  a r ange  of 515  MHz. An a n t e n n a  of t h i s  t ype  
w a s  chosen because of i t s  low w e i g h t .  

F i g u r e  1 9  shows t h e  e l e v a t i o n  a n g l e  t o  t h e  o r b i t e r  vs 8 t h e  
t r u e  anomaly f o r  v a r i o u s  l o c a t i o n s  of  t h e  s t a t i o n  as i t  d r i f t s  
toward t h e  p o l e .  The maximum view time above 20"  e l e v a t i o n  a n g l e s  
from i n i t i a l  s t a t i o n  placement  t o  t h e  t i m e  i t  c r o s s e s  t h e  s o u t h  
p o l e  varies from a b o u t  10 t o  14  minu tes  f o r  t h e  example of o r b i t  
and s t a t i o n  l o c a t i o n  c h o s e n .  The e l e v a t i o n  a n g l e  from t h e  s t a t i o n  
t o  o r b i t e r  n e v e r  exceeds  25" n e a r  t h e  p l a n e t ' s  s o u t h  p o l e  f o r  t h e  
g i v e n  c o n d i t i o n s  and s t a t i o n  d r i f t  a s sumpt ions .  The maximum com- 
mun ica t ions  r ange  a t  t h e  h o r i z o n  v s  t h e  s t a t i o n  g r e a t  c i r c l e  d r i f t  
a n g l e  i s  shown i n  f i g u r e  20. 



The s t a t i o n  a n t e n n a  f o r  the s t a t i o n / d r o p  sonde l i n k  i s  n o t  
c r i t i c a l  i n  t h a t  i t  c a n  be a c o n i c a l  c r o s s e d  d i p o l e  o r  a deploy-  
a b l e  h e l i x  (compressed l i k e  a s p r i n g  and r e l e a s e d )  f o r  example. 
However, t h e  a n t e n n a  used should have c i r c u l a r  p o l a r i z a t i o n  and 
be l i g h t w e i g h t .  

C e n t r a l  programer and sequence r .  - The CP&S g e n e r a t e s  a l l  
r e p e t i t i v e  sequences such  as b i t  and word t i m e s  and a l s o  g e n e r a t e s  
t h e  o p e r a t i o n a l  p l a n  and i t s  a l t e r a t i o n s  by command i n p u t s  w i t h  
r e s p e c t  t o  t i m e .  A l l  t i m i n g  f u n c t i o n s  are  r e f e r e n c e d  t o  a master 
o s c i l l a t o r  t o  e n s u r e  system s y n c h r o n i z a t i o n  o v e r  t h e  e n t i r e  m i s -  
s i o n .  

Data encode r .  - The d a t a  encoder c o n s i s t s  of a n  e n g i n e e r i n g  
d a t a  m u l t i p l e x e r ,  A I D  c o n v e r t e r ,  d a t a  r e g i s t e r s ,  and o u t p u t  d a t a  
s e l e c t o r .  The a n a l o g  d a t a  a r e  s e q u e n t i a l l y  a p p l i e d  t o  t h e  A I D  
c o n v e r t e r  and d i g i t i z e d  i n  proper sequence as  r e q u i r e d  f o r  t h e  
e n g i n e e r i n g  d a t a  fo rma t .  D i g i t a l  d a t a  and s w i t c h  p o s i t i o n  ver i -  
f i c a t i o n  d a t a  a r e  c o n t a i n e d  i n  r e g i s t e r s  t h a t  a re  a l s o  i n s e r t e d  
i n  s p e c i f i c  l o c a t i o n s  i n  the fo rma t .  The d a t a  s e l e c t o r  i s  con- 
t r o l l e d  by t h e  CP&S so  t h a t  t h e  r e q u i r e d  d a t a  a re  s u p p l i e d  t o  t h e  
d a t a  modulator  d u r i n g  t h e  proper  t i m e  i n t e r v a l .  

Data au tomat ion  system. - D i g i t i z e d  s c i e n c e  d a t a  are  i n p u t  t o  
the DAS where t h e y  are f o r m a t t e d  i n  the p r o p e r  sequence and  p l a c e d  
i n  a magnet ic  c o r e  memory. During drop sonde o p e r a t i o n s ,  t h e  
d rop  sonde d a t a  a re  p l aced  i n  t h e  memory. This r e q u i r e s  n o  change 
i n  o p e r a t i n g  sequences s i n c e  t h e  d a t a  fo rma t s  ( f rame and word 
l e n g t h s )  a re  i d e n t i c a l  as shown i n  f i g u r e  2 1 .  Timing, however, 
i s  d e r i v e d  from t h e  b i t  synchron ize r  so  t h e  o p e r a t i o n s  a re  syn- 
c h r o n i z e d  w i t h  t h e  incoming d a t a .  The r e a d o u t  mode i s  i n i t i a t e d  
by t h e  command s y s t e m ,  which commands t h e  DAS t o  r e a d  o u t  t h e  
memory. The d a t a  o u t p u t  from t h e  memory i s  a p p l i e d  t o  t h e  d a t a  
s e l e c t o r  of t h e  d a t a  encode r  t h a t  i n  t u r n  passes t h e  d a t a  t o  t h e  
modu la to r .  During t h e  f i n a l  d e s c e n t  mode, t h e  DAS a c c e p t s  s c i e n c e  
d a t a ;  t h e  d a t a  a re  n o t  s t o r e d ,  however, s i n c e  t h e  memory i s  o p e r -  
a t i n g  i n  a real-t ime mode t h a t  immediately o u t p u t s  t h e  d a t a  re- 
c e i v e d  r a t h e r  t han  s t o r i n g  i t .  I n  t h i s  mode t h e  two e n g i n e e r i n g  
f o r m a t s  a re  i n s e r t e d  between e a c h  s c i e n c e  fo rma t  t o  c u t  t h e  sam- 
p l i n g  r a t e  of the a tmosphe r i c  compos i t ion  s e n s o r s .  

Radio d rop  sonde l i n k .  - F o r  t h e  200-lb c lass  s t a t i o n ,  a b i t  
r a t e  of o n l y  1 BPS i s  planned f o r  t h e  d r o p  sonde t o  s t a t i o n  telem- 
e t r y  l i n k  due t o  w e i g h t  l i m i t a t i o n s  f o r  t h e  s t a t i o n  equipment.  
A 10 mW t r a n s m i t t e r  o p e r a t i n g  a t  300 MHz i s  used i n  t h e  sonde.  I t  
i s  f r equency  s h i f t  keyed by a PCM wave t r a i n  of b i p h a s e  mark f o r m a t  
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t o  p rov ide  a z e r o  c r o s s i n g  a t  t h e  b e g i n n i n g  of each b i t  p e r i o d  
f o r  d e r i v i n g  b i t  s y n c h r o n i z a t i o n .  The a n t e n n a  c o n s i s t s  of f o u r  
monopoles f e d  t o  p r o v i d e  c i r c u l a r  p o l a r i z a t i o n .  The b a l a n c e  of 
t h e  subsystem c o n s i s t s  of a programer,  m a s t e r  o s c i l l a t o r ,  f r ame  
sync g e n e r a t o r  and a fou r -channe l  m u l t i v e r t e r .  

Higher b i t  r a t e s  c a n  be  r e a d i l y  p r o v i d e d  i f  w e i g h t  a l l o c a t i o n s  
c a n  be i n c r e a s e d  f o r  added s t a t i o n  s t o r a g e  e t c .  A sample l i n k  
c a l c u l a t i o n  i s  p rov ided  i n  t a b l e  2 1 .  

Subsystem w e i g h t ,  power, and volume es t imates .  - Estimates  of  
w e i g h t ,  volume and power f o r  t h e  te lecommunicat ions subsystems 
a re  given i n  t a b l e  2 2 .  Where p o s s i b l e ,  t h e  u n i t  c h a r a c t e r i s t i c s  
have been based  on e x i s t i n g  i t e m s  of r e p r e s e n t a t i v e  hardware w i t h  
a 1  lowance f o r  we igh t  r e d u c t i o n  th rough  an t i c  i p a  t e d  improvements 
i n  d e s i g n  and m a n u f a c t u r i n g  t e c h n i q u e s  o v e r  a p e r i o d  of t h e  n e x t  
t h r e e  yea r s .  Items of un ique  d e s i g n  a r e  t h e  d a t a  encode r ,  c e n t r a l  
programer,  phase - lock  r e c e i v e r ,  t r a n s m i t t e r ,  and  decode r .  

Te 1 ec ommun i c a  t i o n s  Trades 

One of t h e  major t r a d e o f f s  i n  t h e  communications area i s  t h a t  
of  a c o h e r e n t  i n t e g r a t e d  command r a n g i n g  and t e l e m e t r y  system f o r  
t h e  s t a t i o n  t o  o r b i t e r  l i n k s  v s  noncoheren t  and n o n i n t e g r a t e d  l i n k s  
( s e p a r a t e  r a n g i n g ,  command, and t e l e m e t r y  equipment) .  

Although noncoheren t ,  n o n i n t e g r a t e d  command t e l e m e t r y  and 
r a n g i n g  was c o n s i d e r e d ,  t h e  r a n g i n g  r equ i r emen t  c o u l d  n o t  be  e f -  
f e c t i v e l y  implemented because  of e x c e s s i v e  power r e q u i r e m e n t s  f o r  
a p u l s e d  t r a n s p o n d e r  system ( s e v e r a l  k i l o w a t t s  peak power) and  be-  
c a u s e  of t h e  c o m p l e x i t y  of combining r a n g i n g  t o n e s  o r  PN codes  
w i t h  FSK o r  o t h e r  noncoheren t  l i n k s .  

Table  23 shows t h e  l i n k  c a l c u l a t i o n s  f o r  a n  FSK 30-BPS telem- 
e t r y  l i n k .  A 10-W t r a n s m i t t e r  i s  r e q u i r e d  i n  t h i s  case. 

Table 24 shows t h e  c a l c u l a t i o n s  f o r  a s i m p l e  t o n e  s e q u e n t i a l  
command system w i t h  no  p r o v i s i o n  f o r  making r a n g e  measurements. 



Antenna T r a d e o f f s  

An i n i t i a l  o b j e c t i v e  f o r  the communications d e s i g n  w a s  t o  do 
a l l  t r a n s m i s s i o n  between o r b i t e r  and  s t a t i o n  a t  h i g h  e l e v a t i o n  
a n g l e s  (40" o r  above) .  However, because  of  t h e  i n i t i a l  c o n d i t i o n s  
chosen  f o r  s t a t i o n  and  o r b i t ,  t r a n s m i s s i o n  i s  conducted  mos t ly  a t  
e l e v a t i o n  a n g l e s  of 20 t o  30". Th i s  f a c t o r  combined w i t h  t h e  
s t r i n g e n t  we igh t  l i m i t a t i o n s  f o r  t h e  s t a t i o n  e l emina ted  many of 
t h e  c a n d i d a t e  an tennas  f o r  t h e  s t a t i o n .  E l i m i n a t e d  were t h e  h e l i x ,  
c r o s s e d  d i p o l e  i n  a cup ,  cav i ty -backed  c r o s s  s l o t ,  and  c a v i t y -  
backed  l o g  s p i r a l .  The ane tnna  s e l e c t e d  f o r  t h i s  c lass  of  s ta -  
t i o n  i s  a c r o s s e d  d i p o l e  mounted above a ground p l a n e  where t h e  
ground p l a n e  may become p a r t  of t h e  upper  gondola  s t r u c t u r e .  S t a -  
t i o n  a n t e n n a  g a i n s  a t  t h e  e l e v a t i o n s  of  major  i n t e r e s t  v a r y  from 
a p p r o x i m a t e l y  +3 t o  -1 dB. 

POWER AND THERMAL SUBSYSTEMS 

Power Subsys t e m  

The power r equ i r emen t s  of t h e  v a r i o u s  components making up t h e  
communication and  d a t a  hand l ing  sys t em a r e  g iven  i n  t a b l e  25. The 
sequence  of e v e n t s  i s  g iven  i n  t h e  power p r o f i l e  o f  f i g u r e  22.  The 
t r a n s m i t t e r  i s  i n  o p e r a t i o n  du r ing  b a l l o o n  deployment ,  and ,  once 
each  o r b i t ,  when t h e  o r b i t e r  i s  ove rhead ,  r a n g i n g  i s  accompl ished  
b e f o r e  and a f t e r  comple t ion  o f  t r a n s m i s s i o n  w i t h  a 5-minute  sepa-  
r a t i o n  between t h e  p e r i o d s .  Sc ience  r e a d i n g s  a r e  t a k e n  t h r e e  
t imes  each o r b i t  w i t h  data  s t o r e d  f o r  t r a n s m i s s i o n .  The command 
r e c e i v e r ,  d e t e c t s  t h e  o r b i t e r ' s  c a r r i e r  and causes  power t o  be 
a p p l i e d  t o  t h e  t r a n s m i t t e r .  In t h e  o r b i t s  when a sonde i s  t o  be 
dropped ,  o n l y  one s c i e n c e  r ead ing  i s  t a k e n .  Fol lowing  t h e  r ead -  
i n g ,  t h e  sonde r e c e i v e r  i s  commanded "on" t o  r e c e i v e  t h e  sonde 
d a t a  - 

Computation of energy  needs from t h e  power m a t r i x  and  p r o f i l e  
show t h e  f o l l o w i n g  energy  r equ i r emen t s  p e r  o r b i t :  

1) Normal o r b i t ,  5 .72  Wh; 

2 )  O r b i t  w i t h  dropped sonde ,  5.75 Wh. 
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The ave rage  d a i l y  ene rgy  needs  a r e  36.2 Wh. I f  t h i s  ene rgy  
i s  s u p p l i e d  by a s t e r i l i z e d  s i l v e r - z i n c  b a t t e r y  w i t h  a s p e c i f i c  
we igh t  of 25 Wh/lb, 1.45 l b  of b a t t e r y  would b e  r e q u i r e d  f o r  each  
E a r t h  day of  o p e r a t i o n .  
ma te ly  10 l b  of  b a t t e r y .  

A seven-day m i s s i o n  then  r e q u i r e s  a p p r o x i -  

The r e q u i r e d  b a t t e r y  we igh t  a s  a f u n c t i o n  of days of o p e r a t i o n  
i s  shown i n  f i g u r e  23. F o r  comparison t h e  we igh t  of an R E  to- 
g e t h e r  w i th  a b a t t e r y  and a c h a r g e r  t o  p r o v i d e  f o r  l o a d  peaks i s  
shown. D e r i v a t i o n  of t h e  weight  of R E  sys t em i s  d e s c r i b e d  below. 
Even though t h e  e l e c t r i c a l  f u n c t i o n  t h e  two sys tems per form a re  
e q u i v a l e n t ,  from a sys tems p o i n t  of view,  t h e y  a r e  n o t  e q u i v a l e n t  
from thermal  c o n t r o l  c o n s i d e r a t i o n s  s i n c e  t h e  gondola  may b e  sub-  
j e c t e d  to  ambient  t empera tu res  as low as 195°K. A b a t t e r y  needs  
t o  b e  main ta ined  a t  278°K (40'F). 
t he rma l  c o n t r o l  sys tem i n  t h e  upper  and  mean d e n s i t y  a tmospheres .  
Th i s  i s  d e s c r i b e d  i n  t h e  Thermal C o n t r o l  Subsystem s u b s e c t i o n .  

Th i s  may r e q u i r e  a n  a c t i v e  

F o r  ex tended  p e r i o d s  of o p e r a t i o n ,  a n  R E  o f f e r s  promise  be-  
c a u s e  i t  c a n  s u p p l y  h e a t  f o r  t he rma l  c o n t r o l  a s  w e l l  a s  e l e c t r i c  
power. Given a l o a d  p r o f i l e  hav ing  h i g h  peak power demands, a 
minimum weight  sys tem w i l l  r e s u l t  i f  a r e c h a r g e a b l e  b a t t e r y  i s  
used  t o  supp ly  peak demands. Such an a r rangement  i s  shown i n  
f i g u r e  24. The R E  t h a t  o p e r a t e s  a t  a low v o l t a g e  ( 3  t o  6 V )  sup-  
p l i e s  a r e g u l a t o r  c o n v e r t e r  and a b a t t e r y  c h a r g e r .  Loads o p e r a t -  
i n g  c o n t i n u o u s l y ,  and t h o s e  hav ing  r e l a t i v e l y  low l e v e l  r e q u i r e -  
ments ,  a r e  o p e r a t e d  from t h e  r e g u l a t o r - c o n v e r t e r ,  w h i l e  t h o s e  
h a v i n g  h igh  peak demands o p e r a t e  from t h e  b a t t e r y .  The b a t t e r y  
i s  r e p l e n i s h e d  by a c h a r g e r .  
p e r  o r b i t  i s  as t a b u l a t e d .  

The ene rgy  s u p p l i e d  by t h e  b a t t e r y  

Sc ience  0.52 Wh 

T r a n s m i t t e r  2.08 Wh 

Command decoder  0.02 Wh 

2.62 Wh 

A t  t h e  r e q u i r e d  c h a r g e  r a t e  20% o v e r c h a r g e  i s  needed by t h e  
b a t t e r y .  The v o l t a g e  e f f i c i e n c y  i s  78.5%. These f a c t o r s  t o g e t h e r  
w i t h  a 1.2 f a c t o r  f o r  b a t t e r y  d e t e r i o r i a t i o n  and an  80% c h a r g e r  
e f f i c i e n c y  g i v e  6.0 Wh/o rb i t  r e q u i r e d  from t h e  R E  t o  m a i n t a i n  
t h e  b a t t e r y .  This i s  a n  a v e r a g e  of 1 .6  W .  This combined w i t h  a 
maximum requi rement  of  2 . 3  W f o r  t h e  c o n v e r t e r  r e g u l a t o r  g i v e s  
3 .9  W peak power r e q u i r e d  of t h e  R E .  Th i s  r equ i r emen t ,  t o g e t h e r  
w i t h  a margin f o r  growth,  can  b e  m e t  by u s e  of a 5-W R E .  Tab le  
26 summarizes i n f o r m a t i o n  on t h e  components making up t h e  power 
sys tem.  The e n g i n e e r i n g  measurements r e q u i r e d  a re  shown i n  t a b l e  
27. 
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Thermal Con t ro l  Subsystem 

The ambient  t empera tu re  of t h e  Venusian a tmosphere  a t  t h e  
a l t i t u d e  of e q u i l i b r i u m  f l o a t a t i o n  (57 km i n  t h e  mean a tmosphere)  
i s  between 195 and 287°K. The a v e r a g e  e l ec t r i c  power consumption 
i s  less than  2 W ,  which p r e s e n t s  a problem i n  m a i n t a i n i n g  t h e  pay- 
l o a d  a t  a minimum a c c e p t a b l e  t empera tu re  f o r  o p e r a t i o n .  The most 
c r i t i c a l  e lement  i s  t h e  b a t t e r y  t h a t  needs  t o  b e  ma in ta ined  a t  a 
minimum tempera tu re  of  278"K, however s imilar  r equ i r emen t s  e x i s t  
f o r  t h e  o t h e r  sys tems.  

I n  f i g u r e  25 t h e  weight  of mic ro -qua r t z  i n s u l a t i o n  r e q u i r e d  
i s  p l o t t e d  a g a i n s t  t h e  i n p u t  power a v a i l a b l e  f o r  h e a t i n g .  On t h i s  
b a s i s ,  i f  100 W of  h e a t  i s  a v a i l a b l e ,  an  i n s u l a t i o n  we igh t  of 
s l i g h t l y  more than  2 l b  would b e  r e q u i r e d .  This  i s  compa t ib l e  
w i t h  t h e  h e a t  o u t p u t  of  a 5-W R E .  F i g u r e  26 i n d i c a t e s  t h i c k n e s s  
of  i n s u l a t i o n  f o r  a r ange  of power i n p u t .  

Heat may be  g e n e r a t e d  i n  v a r i o u s  ways by u s i n g  l a t e n t  h e a t  
and  chemica l  r e a c t i o n s .  Zirconium borohydr ide ,  f o r  example, i n  
f r e e z i n g  a t  29°C l i b e r a t e s  0.086 k c a l / g .  L i th ium o x i d e  when 
mixed w i t h  water g i v e s  o f f  0.472 k c a l l g .  The l i g h t  metals when 
o x i d i z e d  have h i g h  ene rgy  r e l e a s e s  as shown below: 

Format ion  of Energy r e l e a s e  

Bery l l i um ox ide  5.7 k c a l l g  

Li th ium ox ide  4.4 kca  1 1 g 

The r e a c t i o n s  mentioned have t h e  advan tage  t h a t  no gaseous  by- 
p r o d u c t s  are l i b e r a t e d  t h a t  could  i n t e r f e r e  w i t h  s c i e n c e  composi- 
t i o n  measurements.  
b u t  hydrogen would b e  l i b e r a t e d  d u r i n g  t h e  r e a c t i o n .  

Hydrogen pe rox ide  c o u l d  be used  as a n  o x i d i z e r ,  

A program ( r e f .  3 )  h a s  been d e s c r i b e d  t o  demons t r a t e  t h e  f e a s i -  
b i l i t y  of u s i n g  t h e  atmospheres  of  t h e  p l a n e t s  ( E a r t h ,  Venus, Mars)  
as o x i d i z e r  s o u r c e s  f o r  chemical  energy .  Li th ium powder i g n i t e d  
when h e a t e d  i n  a l l  t h r e e  a tmospheres .  The b e r y l l i u m  powder burned 
v i g o r o u s l y  i n  each  of  t h e  t h r e e  a tmospheres .  A t  ambient  tempera- 
t u r e s  i t  i g n i t e d  on c o n t a c t  wi th  b o t h ' a i r  and ,  on s e v e r a l  occa-  
s i o n s ,  i n  t h e  Venusian atmosphere.  The combust ion p r o d u c t s  i n  mole 
p e r c e n t  were: 

Bery l  lium B e r y l  1 ium Bery l  1 ium 
Bery l l ium oxide  n i t r i d e  c a r b i d e  

2.93 61.02 1.78 10.20 
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The c a l c u l a t e d  h e a t  of combust ion was 7.551 k c a l l g  of metal .  
It w a s  concluded t h a t  t h e  work shou ld  be  ex tended ,  p r o t o t y p e  
b u r n e r s  be developed,  and e n g i n e e r i n g  s t u d i e s  made t o  o p t i m i z e  
t h e  combustion c h a r a c t e r i s t i c s  of l i t h i u m  and b e r y l l i u m  i n  t h e  
s i m u l a t e d  Venusian and M a r t i a n  atmospheres .  

The r e s u l t s  of t h e s e  s t u d i e s  may be  used t o  estimate t h e  capa -  
b i l i t y  of a the rma l  c o n t r o l  system f o r  t h e  BVS. I f  t h e  w e i g h t  of 
a b u r n e r  of t h e  metal f u e l  i s  assumed t o  e q u a l  t h e  f u e l  w e i g h t ,  
t h e  r e s u l t i n g  combined w e i g h t s  of i n s u l a t i o n ,  and h e a t  s o u r c e  a re  
shown i n  f i g u r e  27. 

It  w i l l  be seen t h a t  a n  a l lowance  of  4.54 kg (10 l b )  w i l l  a l l o w  
o p e r a t i o n  f o r  8 %  days ,  when t h e  h e a t  o u t p u t  of t h e  b u r n e r  i s  60 W .  

CONCLUSIONS 

The r e s u l t s  of t h e  s t u d y  i n d i c a t e  t h a t  t h e  c o n c e p t  of a small  
(nominal ly  200 l b )  buoyant  Venus s t a t i o n  i s  b o t h  f e a s i b l e  and a t -  
t r ac t ive .  A d u r a t i o n  i n  t h e  atmosphere of as much as seven days 
w i t h  s e v e r a l  o p p o r t u n i t i e s  t o  probe t o  t h e  s u r f a c e  as w e l l  as t h e  
a b i l i t y  t o  c o l l e c t  wind p a t t e r n  i n f o r m a t i o n  and t o  make measure- 
ments a t  more t h a n  one ( h o r i z o n t a l )  l o c a t i o n  w i l l  s i g n i f i c a n t l y  
enhance the  u s e f u l n e s s  of t h e  d a t a  c o l l e c t e d .  

A 225-1b we igh t  l i m i t a t i o n  was developed on t h e  b a s i s  t h a t  
b o t h  a bus and c a p s u l e  would be p u t  i n t o  o r b i t .  E q u a l l y  a t t rac-  
t i v e ,  however, i s  t h e  c o n c e p t  of d e f l e c t i n g  t h e  c a p s u l e  (BVS) be- 
f o r e  p l a c i n g  the bus i n t o  o r b i t  o r  a BVS i n  c o n j u n c t i o n  w i t h  a 
f l y b y  mis s ion .  

To develop and demons t r a t e  a h i g h  d e g r e e  of  r e l i a b i l i t y  i n  
the b a l l o o n  i s  t h e  most fundamental  problem. By s e l e c t i n g  a 
we l l -unde r s tood  mater ia l  (Mylar) and a n  a l t i t u d e  w i t h  moderate  
t empera tu re  (225") t h e  problem h a s  been a l l e v i a t e d ;  however, t h e  
mechanics o f  f a i l u r e  are  n o t  w e l l  u n d e r s t o o d  and few a p p l i c a b l e  
t e s t  ( r e l i a b i l i t y )  d a t a  a re  a v a i l a b l e ,  

Of s i g n i f i c a n c e  a r e  t h e  development of  b a l l o o n  c o n t r o l s  ( s en -  
s o r s ,  re l ief  v a l v e s ,  e t c . ) ,  l i g h t w e i g h t  t ankage ,  s c i e n c e  i n s t r u -  
m e n t a t i o n ,  and t h e  r ema in ing  e l e c t r o n i c s .  The fundamental  problem 
i n  a l l  t h e s e  a r e a s  i s  one of keep ing  t h e  we igh t  low. The prede-  
ployment environment ,  p a r t i c u l a r l y  e n t r y  d e c e l e r a t i o n ,  must a l s o  
b e  c o n s i d e r e d .  



F i n a l l y ,  t h e  u n c e r t a i n t y  i n  t h e  a tmosphere  of  Venus p r e s e n t s  
a problem. By p r e s e n t  models ,  a c h i e v i n g  subson ic  v e l o c i t y  above 
t h e  c l o u d s  i n  t h e  low d e n s i t y  a tmosphere a p p e a r s  d i f f i c u l t .  The 
l e v e l  of  t h e  c l o u d  t o p s  i s  a s i g n i f i c a n t  u n c e r t a i n t y  t o  a b a l l o o n  
as i t  may a f f e c t  gas  t empera tu re ,  and n o t h i n g  i s  known of l o c a l  
c o n d i t i o n s  such  as s to rms  o r  t u rbu lence .  

M a r t i n  Marietta C o r p o r a t i o n  

May 4,  1967 
Denver, Colorado  
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TABLE 1. - WEIGHT SUMMARY 

Predeployment 
weight ,  l b  

Po s tde  p loymen t 
weight ,  l b  

~ 

12 

23.8 

94.8 

57 .O 

12.4 

200.0 

Parachute system 

Balloon system 

Hydrogen sys  tem 

19.2 

6.4 

1 57.0 

Science 23.5 

Te l e  commun i c a  t ions  20.5 

Power 13 

Margina 12.4 

95.0 
- 

aTo inc lude  s t r u c t u r e  and thermal c o n t r o l  fo r  gondola on ly .  

TABLE 2. - SCIENCE INSTRUMENTS 

Data 
Per 

measurement 

Range 
of 

me a s  u re  men t 
Data 

a c q u i s i t i o n  
Weight, 

l b  
Power, 

W 
~~ 

1 .o .8 14  b i t s  200 t o  500°K 
450 t o  800°K 

4 platinum r e s i s t a n c e  
temperature sensors  

.6 1 4  6 ranges : 

1 t o  10 mb 4 
6 pres su re  senso r s  3 .O 

Three times per 
o r b i t ;  every 
1.25 h r  except  
dur ing  a c q u i s i t i o n  
of drop sonde d a t a  1 . 5  

1 .o 
1 . 5  

1 . 5  

1 .o 

1 .0  

1 .o 
1 .o 
1 .o 
1 .o 

Composition: 
Water 

Nitrogen 

Oxygen 

Argon 

Carbon d ioxide  

.01% 

1% 

.01% 

.01% 

1% 

Measure every 
13 .3  sec  
du r ing  descent  

Acoustic transmission 
1 i n e  

3 .o 4.0 28 

Drop sondes (2) 10 
(5  each)  

5 S t a t  ion 
t o  

s u r f a c e  

On command 

To ta l  weight :  23.5 l b  ( inc lud ing  two 5- lb  drop sondes) 
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TA BLE 

Weight, l b  

P l a t i n u m  res i s  t a n c e  
t e m p e r a t u r e  s e n s o r  

P r e s s u r e  s e n s o r s  ( 2 )  
(w ide  r ange )  

Water vapor  d e t e c t o r  

Power, W Data 

T o t a l s  

i 

Power , W 

.9 
2.0  

- 
- 
- 

T o t a l s  

. 2  

. 2  

.5 

5 2.9 

.9 

7 b i t s  
eve ry  30 s e c  

14 b i t s  
e v e r y  30 sec 

e v e r y  30 sec 

28 

7 b i t s  

TABLE 4 .  - FIVE-POUND DROP SONDE WEIGHT AND POWER ALLOCATIONS 

Experiments  

Te leme t ry  

Batteries 

S t r u c t u r e ,  w i r e s  

Thermal i n s u l a t i o n  

P a r a c h u t e  

1.5 

1.5 

.25 

. 5  

.85 

.4 

TABLE 5. - APPROXIMATE TIMETABLE 

Event 

1. Deployment (-55's l a t . ,  -15'E long . )  

2 .  P r e s s u r e ,  t e m p e r a t u r e ,  d e n s i t y ,  compos i t ion  
a t  a l t i t u d e  

3 .  R e l e a s e  d r o p  sonde - on command 

4 .  P r e s s u r e ,  t e m p e r a t u r e ,  d e n s i t y ,  compos i t ion  
a t  a I t  i t u d e  

5 .  R e l e a s e  d r o p  sonde - on command n e a r  p o l e  

6 .  P r e s s u r e ,  t e m p e r a t u r e ,  d e n s i t y ,  compos i t ion  
a t  a It i t u d e  

7 .  P r e s s u r e ,  t e m p e r a t u r e ,  d e n s i t y ,  compos i t ion  
d u r i n g  s t a t i o n  d e s c e n t  

T ime 

0 

- 

-1 day  

- 

-6-7 days 

>7 days 

2 7  



TABLE 6 .  - BALLOON INFLATION HARDWARE 

I t e m  

P r e s s u r e  Swi tch  

Timer 

Ordnance s q u i b  

Ordnance Va lve  

G u i l l o t i n e  

Flowmeter  ( r e e d  t y p e )  

Flowmeter  s i g n a l  condi -  
t i o n e r  

B a t t e r y  ( t h e r m a l )  

P r e s s u r e  t r a n s d u c e r a  

Tempera tu re  t r a n s d u c e r a  

Tubing,  f i t t i n g s ,  w i r i n g ,  
and c o n n e c t o r s  

Hydrogen t a n k  

Manual f i l l  v a l v e  

F i l t e r  

S o l e n o i d  v a l v e  

) u a n t i t y  

2 

3 

3 

2 

1 

1 

1 

2 

2 

2 

1 

1 

1 

1 

aFor e n g i n e e r i n g  measurements o n l y .  

U n i t  
w e i g h t ,  

l b  

.3 

.4  

.07 

.15 

.15 

.1 

.5 

.5 

.27 

.02 

-- 
80.7 

.25 

.10 

.50 

U n i t  
volume, 
cu in. 

3 

.5  

.5  

2 

3 

1 

12 

3 

3 

2 

-- 
9350 

3 

2 

5 

U n i t  
e n e r g y  r e q u i r e m e n t  

None 

28 Vdc, .05 A, 10 sec 

2 8  Vdc, 5 A,  .025 sec 

None 

None 

None 

2 8  Vdc, .05 A, 30 sec 

1015 W-sec 

28 Vdc, . 0 1  A, 180 sec 

28 Vdc, .04 A, 180 s e c  

None 

None 

None 

None 

28 Vdc, . 5  A 

T o t a l s  

T o t a l  
w e i g h t  

l b  

.6 

1 . 2  

.2 

.3 

. 2  

. 2  

.5 

1 .o 
.55 

.05 

2 .o 
80.7 

.25 

.10 

.50 

88.4 

T o t a l  
volume, 
c u  i n .  

6 

1 .5  

1.5 
4 

3 

1 

1 2  

6 

6 

4 

3350 

3 

2 

5 

2400 

T o t a l  
e n e r g y  

None 

42  W-sec 

11 

None 

None 

None 

42  W-sec 

5 wh 

100 W-sec 

400 W-sec 

None 

None 

None 

None 

420 W-sec 

1015 W-sec 

I t e m  

P r e s s u r e  s w i t c h  

Timer 

Ordnance s q u i b  

Ordnance v a l v e  

G u i l l o t i n e  

F lowne t er (Re ad)  

Flowmeter  s i g n a l  
c o n d i t i o n e r  

B a t t e r y  ( t h e r m a l )  

P r e s s u r e  t r a n s d u c e r  

Tempera tu re  t r a n s d u c e r  

Manual f i l l  v a l v e  

F i l t e r  

S o l e n o i d  v a l v e  

R e l i e f  v a l v e  

I 
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TABLE 7. - BALLOON INFLATION HARDWARE 

C h a r a c t e r i s t i c  

6 + 2 m b  

R-C c i r c u i t  

S t  e r i l  i z a b l e  

S t e r i l i z a b l e  

S t e r i l i z a b l e  

S t e r i  1 i z  ab  l e  

0 t o  4500 p s i a  

100 t o  400'K 

S t e r i l i z a b l e  

S t e r i l i z a b l e  

6 mb c r a c k i n g  
p r e s s u r e  

F l i g h t  usage  

None 

M a r i n e r  

M a r i n e r ,  
Su rveyor  

T i t a n  111 

None 

B-57, weapon sys tems 

M a r i n e r ,  Su rveyor  

Mar iner ,  Su rveyor  

M a r i n e r ,  Su rveyor  

M a r i n e r ,  S u r v e y o r  

M a r i n e r ,  Su rveyor  

None 

Development s t a t u s  

On d rawing  b o a r d  

Q u a l i f i e d  a s  used 

Pas  s e d  s t e r i l i z a t i o n  
t e s t s  

Q u a l i f i e d  a s  used  

Used f o r  ground t e s t s  
i n  T i t a n  111 program 

Q u a l i f i e d  a s  used  

Q u a l i f i e d  a s  used  

None 

Remarks 

F e a s i b l e  f o r  
1970 t i m e  p e r i o d  

F e a s i b l e  f o r  
1970 t i m e  p e r i o d  

A development  and 
q u a l i f i c a t i o n  pro.  
gram i s  r e q u i r e d  
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SteD Function 

- 
1. 

2 .  

3.  

4 .  

5 .  

6 .  

7 .  

8.  

9 .  

10. 

11. 

12.  

13 .  

I n i t i a t e d  by 

Phase I - Separat ion from a e r o s h e l l  chrough Lhe 
deployment phase 

23. 

Blow s t a t i o n / a e r o s h e l l  separa t ion  b o l t s  

S t a r t  s t a t i o n  c e n t r a l  programerlsequencer (CP&S) 
a c t i v a t e  thermal b a t t e r y  ( fo r  pyrotechnics)  arm 
s t a t i o n  ordnance 

Release parachute  cover 

Mortar deploys parachute  

Turn on command rece iver  and decoder; s t a r t  
sampling deployment engineer ing data  

Turn on t r ansmi t t e r  

S t a t i o n  t r ansmi t t e r  o f f  Orbi te r  command, CP&S backup 

Release bal loon c a n i s t e r  cover 

I n i t i a t e  bal loon i n f l a t i o n  

Release parachute  

Terminate bal loon i n f l a t i o n  (close va lve )  

Sever bal loon i n f l a t i o n  l i n e  

Release tankage and c o n t r o l s  

Transmit ter  t u rn  o f f  

2 4 .  Repeat s t e p s  14 thru 2 0  

2 5 .  Command s t a t i o n  t o  r e l e a s e  drop sonde a f t e r  
f ixed time delay 

26. Repeat s t eps  21 thru 23 
End t h i r d  pass  

27. S t a t i o n  sonde rece iver  on; b i t  synchronizer on 
(prepare t o  r ece ive  and s t o r e  data)  

End Phase I 

I f  not changed by command 

Orb i t e r  

CP&S 
(comanded) 

Aer oshe 11 

Aeroshel l  

32. 

3 3 .  

3 4 .  

Pressure sensor  

Pressure sensor  

Cen t ra l  programer/sequencer 
(CP&S) 

Main rece iver  PGC ( d e t e c t s  
o r b i t e r  c a r r i e r )  

Pressure sensor  

Pressure sensor  

Deploy programer 

Flow r a t e  de t ec to r  

Deploy programer - t i m e  de lay  

Deploy programer - time de lay  

c P&S 

Transmit ter  on  

Perform ranging measurement 

Play back s t a t i o n  s to rage  

sample and s t o r e  da t a  

35. 

36. 

37. 

16.  

17. 

18. 

Command next mode Orbi te r  command 
Orbi te r  command Perform ranging measurement 

S t a t i o n  t r ansmi t t e r  o f f  Command o r  CP&S 

Repeat s t e p s  14 and 15 

Repeat s t e p s  14 and 15 

Acquire phase lock and turn t r ansmi t t e r  on  

CP&S 

c P&S 
S t a t i o n  rece iver  AGC 

19 .  Begin ranging measurement Orbi te r  comand 

20. I End ranging and t r ansmi t  d a t a  to  o r b i t e r  Orb i t e r  command o r  CP&S 

21. Begin ranging measurement 

22. End ranging measurement 

Orb i t e r  command 

Orb i t e r  command and/or CP&S 

28. Power on to  drop sonde system 

29. Release sonde 

CP&S I CP&S 

30.  Receive and s t o r e  sonde d a t a  c P&S 

31.  Rescind s t e p  27 ( a f t e r  t o t a l  o f  1 h r  on) 
S t a t i o n  r e c e i v e r  PCC (de-  
t e c t s  o r b i t e r  s i g n a l )  

Command 

CP&S 

~ 

F1. 

F2. 

F3. 

F4. 

Enable bal loon descent  mode 

Transmit ter  on  

Science i n  f i n a l  descent  mode; Engineering i n  
f i n a l  descent  mode; Des t ruc t  balloon 

Transmit ter  remains on u n t i l  s t a t i o n  d e s t r u c t  by 
impact on p l a n e t ' s  su r f ace  

c P&S 

S t a t i o n  AGC 

Orbi te r  command 
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TABLE 14 .  - TELEMETRY LINK  CALCULATION^ 
T o t a l  t r a n s m i t t e r  power . . . . . . . . . . . . . . . . . . . . . . .  37 dBm 
Antenna g a i n  p r o d u c t  . . . . . . . . . . . . . . . . . . . . . . . .  3.0 dB 
T o t a l  m i s c e l l a n e o u s  l o s s e s  . . . . . . . . . . . . . . . . . . . . .  -3 .5 dB 
Space loss (200 MHz a t  10 000 km) . . . . . . . . . . . . . . . . . .  -158.49 dB 
T o t a l  r e c e i v e d  power . . . . . . . . . . . . . . . . . . . . . . . .  -121.99 dBm 
Receiver  n o i s e  s p e c t r a l  d e n s i t y  . . . . . . . . . . . . . . . . . . .  -167.6 dBm/Hz 

Modulat ion l o s s  . . . . . . . . . . . . . . . . . . . . . . . . . . .  -1.32 dB 
Threshold  SNR . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8.70 dB 
APC n o i s e  bandwidth . . . . . . . . . . . . . . . . . . . . . . . . .  22.04 dB 
Threshold  c a r r i e r  power . . . . . . . . . . . . . . . . . . . . . . .  -136.9 
Received carr ier  power . . . . . . . . . . . . . . . . . . . . . . .  -123.31 dBm 

Margin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  13.6 dB 

Modulat ion loss . . . . . . . . . . . . . . . . . . . . . . . . . . .  -9.28 dB 
B i t  r a t e  (30 BPS) . . . . . . . . . . . . . . . . . . . . . . . . . .  14.77 dB 

Thresho ld  d a t a  power . . . . . . . . . . . . . . . . . . . . . . . .  -144.8 dBm 
Received d a t a  power . . . . . . . . . . . . . . . . . . . . . . . . .  -131.3 dBm 

Margin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  13.5  dB 

Modulat ion l o s s  . . . . . . . . . . . . . . . . . . . . . . . . . . .  -9.06 dB 
Thresho ld  SNR . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20.0 dB 
APC n o i s e  bandwid th  . . . . . . . . . . . . . . . . . . . . . . . . .  3.0 dB 
Thresho ld  synchronous  power . . . . . . . . . . . . . . . . . . . . .  -144.6 dBm 
Received synchronous  power . . . . . . . . . . . . . . . . . . . . .  -131.1 dBm 

Margin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  13.5  dB 

C a r r i e r  pe r fo rmance  

dBm 

b 

Da ta  channel  pe r fo rmance  

Required ST/(N/B) Peb = 5 x . . . . . . . . . . . . . . . . . .  8.0 dB 

b 

Synchronous c h a n n e l  performance' 

b 

No. b i t s  

I aData t r a n s m i s s i o n  and  r a n g i n g  are  n o t  done s i m u l t a n e o u s l y .  

bMargin e x c l u s i v e  of a d v e r s e  t o l e r a n c e .  

'Synchronous s u b c a r r i e r  i s  h a l f  t h e  d a t a  s u b c a r r i e r  f r e q u e n c y  and  i s  modu la t ed  a t  
h a l f  the d a t a  r a t e .  A f t e r  f r e q u e n c y  d o u b l i n g ,  i t  i s  used  t o  p r o v i d e  a r e f e r e n c e  
a n d  b i t  s y n c h r o n i z a t i o n .  

Sampling r a t e  

Sample & s t o r e  mode F i n a l  d e s c e n t  mode 

TABLE 15. - STATION SCIENCE DATA TABULATION 

7 

7 

28 

S t a t i o n  measurement 

Ambient t e m p e r a t u r e  1 

Ambient t e m p e r a t u r e  2 

Ambient p r e s s u r e  1 

Ambient p r e s s u r e  2 

Atmospheric  d e n s i t y  

Atmospheric  c o m p o s i t i o n s  

Hz 0 

NZ 
02 

A 

co, 
Drop sonde  

P r e s s u r e  1 

P r e s s u r e  2 

Temperature  

Water vapor  

- Note: Approx ima te ly  3000 

Once p e r  It h r  Once e v e r y  13.3 
e x c e p t  t a k i n g  seconds  
drop  sonde  d a t a  

7 1  7 

Sample and  s t o r e  rates 

Sampled once  p e r  3 3 t  sec 7 I 
; I  7 

I 

b i t s / d r o p  sonde .  
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TABLE 18. - COMMAND LINK CALCULATIONS 

I 
7. 

8. 

1 9 .  

Command 
no. Func t ion  

1 .  

2. 

3 .  

Decoder 
o u t p u t  and remarks 

4 .  

5 .  

6 .  

T o t a l  t r a n s m i t t e r  power . . . . . . . . . . . . .  4 0  dBm 
Antenna g a i n  product . . . . . . . . . . . . . .  3 dB 
T o t a l  mi sce l l aneous  l o s s e s .  . . . . . . . . . . .  -3 .5  dB 
Space lo s s  (220  MHz a t  10 000 km) . . . . . . . .  -159.6 dB 
To ta l  r e c e i v e d  power. . . . . . . . . . . . . . .  -120 .1  dBm 
Receive sys t em n o i s e  s p e c t r a l  d e n s i t y  (2000'K). . -165.6 dBm/Hz 

I C a r r i e r  performance 

Modulation lo s s  . . . . . . . . . . . . . . . . .  -1 .90  dB 
Threshold  SNR . . . . . . . . . . . . . . . . . .  8.70 dB 
C a r r i e r  APC n o i s e  bandwidth . . . . . . . . . . .  22 .0  dB 
Threshold  c a r r i e r  power . . . . . . . . . . . . .  -134.9 dB 
Received c a r r i e r  power. . . . . . . . . . . . . .  -122.0 dB 

Margin . . . . . . . . . . . . . . . . . . . . .  12.9 dB 

Modulation loss . . . . . . . . . . . . . . . . .  -6 .88  dB 
Data r a t e  . . . . . . . . . . . . . . . . . . . .  14 .8  dB 

a 

Data channe l  performance (Bo = 0.514) 

-5 Required ST/(N/B) Peb = 10 . . . . . . . . . . .  11.0 dB 

Threshold  d a t a  power. . . . . . . . . . . . . . .  -139.8 dBm 
Received d a t a  power . . . . . . . . . . . . . . .  -127.0 dBm 

Margina . . . . . . . . . . . . . . . . . . . . .  12.8  dB 

Synchronous channel  performance (ps  = 0.396) 

Modulation lo s s  . . . . . . . . . . . . . . . . .  -9.47 dB 
APC n o i s e  bandwidth . . . . . . . . . . . . . . .  3 . 0  dB 
Threshold  S N R  . . . . . . . . . . . . . . . . . .  20.0 dB 
Threshold  synchronous power : . . . . . . . . . .  -142.6 dBm 
Received synchronous power . . . . . . . . . . .  -129.6 dBm 

Margina . . . . . . . . . . . . . . . . . . . . .  13.0  dB I 
aMargin e x c l u s i v e  of  a d v e r s e  t o l e r a n c e .  

I n i t i a t e  sequence  f o r  d r o p p i n g  of d r o p  sonde  

I n i t i a t e  f i n a l  d e s c e n t  mode o f  s t a t i o n  

Dump f i x e d  increment  of i n f l a t i o n  gas from 
ba l loon  

Turn on  s t a t i o n  t r a n s m i t t e r  

Turn o f f  s t a t i o n  t r a n s m i t t e r  

Ba t t e ry  cha rge r  on 

Bat t e ry  cha rge r  off 

Enter  r a n g i n g  mode 

Terminate r a n g i n g  mode 

Momentary 

Moment a r y  

Momentary 

L a t c h i n g  (backup o n l y )  

Backup f o r  t h e  programer 

Momentary 

Momentary 

Momentary 

Momentary 
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TABLE 23. - STATION-TO-ORBITER TELEMETRY L I N K  CALCULATION, 
FSK SPLIT PHASE 

~~ ~~ ~~~~ 

A d v e r s e  s y s t e m  t o l e r a n c e  4 . 5  dB 

Sys tem l o s s e s  5.0 dB 

Space  l o s s  (10 000 km) 1 5 9 . 0  dB 

L o s s e s  1 6 8 . 5  dB 

Sys tem n o i s e j c y c l e  -167 .4  dBm 

25 KHz b a n d w i d t h  4 4 . 0  dB 30 BPS 

R e q u i r e d  SNRi -5.3 dB f o r  1 3 . 2  db SNR o u t  

R e q u i r e d  s i g n a l  -128.7 dBm 

L o s s e s  1 6 8 . 5  dB 

-128 .7  dBm 

T r a n s m i t t e r  power 39.8 dBm ( a s s u m i n g  0 dB a n t e n n a  

T r a n s m i t t e r  power 10 w 
g a i n  p r o d u c t )  

where  : 

B V  
L e t  a = - SNRo 

BKf 

a = ("- 25 000 22.9)  

S N R ~  = a + d a ( 1  + a )  

= .296  

SNR. = -5 .3  dB f o r  13.2 dB SNR 

TABLE 24. - COMMAND LINK CALCULATION, TONE SEQUENTIAL, 70% AM MODULATION 

O r b i t e r  t r a n s m i t t e r  power 4 0 . 0  dBm 

Sys tem lo s s  - 5 . 0  dB 

A d v e r s e  t o l e r a n c e  - 4 . 5  dB 

P a t h  loss 220 MHz, 10 000 km -159 .4  dB 

R e c e i v e d  carrier power - 1 2 8 . 9  dBm 

R e q u i r e d  r e c e i v e  c a r r i e r  power - 1 3 3 . 5  dBm 25 KHz i . f .  BW 
(70% AM) 

C a r r i e r J n o i s e  r a t i o  4 . 6  dB 

Tone c h a n n e l  mod l o s s  - 5 . 5  dB 

Tone c h a n n e l  b a n d w i d t h  r a t i o  1 9 . 2  dB 300 Hz t o n e  BW 

Tone SNR 1 8 . 3  dB 
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Figure 1. - O r b i t  A l t i t u d e  and I n c l i n a t i o n  Angle fo r  BVS 
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P r e s s u r e  s w i t  
B a l l o o n  s h u t o  

Gondola  s e p a r a t i o n  

C a l i b r a t e d  o r i f  i c e  

F i g u r e  4 .  - Buoyant  Venus  S t a t i o n ,  T a n k i n g  a n d  P l u m b i n g  ( S i n g l e  B a l l o o n )  

A n t e n n a  i 
i n  c h u t e  

T e m p e r a t u r e  s e n s o r  

S t a t i c  p r e s s u r e  p o r t s  (4)  

For w a t e r  v a p o r  
d e t e c t o r  I E x i t  p o r t  

I n l e t  p o r t  - Q 
F i g u r e  5. - F i v e - P o u n d  Drop Sonde 



Nylon 
My1 ar 

Mylar construction 
Bilaminate, 0 .5  m i l  
Hydrogen gas 

6 -mb super pressure 
57  km i n  mean model 
atmosphere 

I 

.I 25.4 f t  L 

Figure 6 .  - Nominal 200-lb Station 

Diffuser 

-reinforced 
cap 

Pressure transducer trans d uc er  
sensing port clamp sensing port 

Inf lat ion hose 

Figure 7. - Balloon Inf lat ion F i t t ing  Detai l s  
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Re 1 e as e parachute  
c a n i s t e r  cover  

F igure  10. - S t a t i o n  Deployment Sequence 

1 

F i r e  parachute Release ba l loon  I n i t i a t e  ba l loon  
mortar ' c a n i s t e r  cover i n f l a t i o n  

YJ 7 1  P r e s s u r e  swi t ch  

Terminate ba l loon  
i n f l a t i o n  and Re 1 e a s  e tankage 
sever  i n f l a t i o n  
1 i n e  

and c o n t r o l s  Release parachute  

t 

Contro l  ba l loon  
super pr e s su re  

Parachute  
c a n i s t e r  H cover 

T o t a l  p re s su re  H 
Pressure  swi t ch  

I T o t a l  p r e s s u r e  

Mortar i g n i t e r  

Parachute  
mortar 

Pressure  Switch 

S t a t i c  p re s su re  

P in  p u l l e r  

Required f o r  
ba l loon  c a n i s t e r  
cover 

F igure  11. - S t a t i o n  Deployment Equipment 

Gas flowmeter 

45 

G u i l l o t i n e  squ ib  T i m e r  Explos ive  charge Ordnance v a l v e  
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